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PREFACE 


This report was prepared under Contract NAS 1-12008, Expansio 
and Extension of the ODIN/RLV Computer Program - Task 2, 
Evaluate and Improve the Existing ODIN Program Library. The 
contract was funded by the National Aeronautics and Space 
Administration, Langley Research Center, Space Systems Divisi< 
Vehicle Analysis Branch. 

The ODIN procedure is a programming concept which allows the i 
of existing computer codes as part of a larger simulation. 
Communication of information among computer codes is accompli* 
by means of a data base repository accessible and managed by 1 
ODIN executive computer code, DIALOG. The ODIN procedure and 
the executive program DIALOG were developed by Aerophysics 
Research Corporation and jointly sponsored by the National 
Aeronautics and Space Administration, Langley Research Center 
and the United States Air Force Flight Dynamics Laboratory. 

The objective of this task was the elimination of unnecessary 
computer code and improvement in computational efficiency of 
the ODIN procedure. This was accomplished by development of 
a point design weights analysis computer program reported here 
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WAATS - A COMPUTER PROGRAM FOR WEIGHTS 
ANALYSIS OF ADVANCED TRANSPORTATION SYSTEMS * 


by C. R. Glatt 

AEROSPACE RESEARCH CORPORATION 


1.0 SUMMARY 

This document describes a method and computer program for the 
calculation and summation of system and subsystem weight elemen 
for advanced aerospace vehicle concepts. The method is based o 
the statistical analysis of historical weight data for the com- 
ponents of similar vehicle configurations. The correlations an 
correlating parameters for a variety of vehicles in the advance 
transportation class are presented. The user of the WAATS pro- 
gram has the option of accepting the vehicle correlation presen 
for modifying them on an individual component basis to suit veh 
concept under study. 

The correlating parameters are described to the computer progra 
in terms of gross geometric characteristics and vehicle weight. 
Geometric characteristics include such items as wing area, aspe 
ratio, body length, etc. The vehicle is initially sized on the 
basis of an input gross weight (or landing weight) . The progra 
accumulates system and subsystem weight elements resulting in 
the recalculation of the input vehicle weight. An iteration is 
performed to converge on a final estimated weight. 






2.0 INTRODUCTION 

The estimation of the mass properties of a vehicle is one of 
the most important considerations in the design process and } 
one of the most inexact engineering endeavors. While the cal 
lation of aerodynamic, propulsion and mission performance are 
based on widely recognized mathematical prediction techniques 
the estimation of weight must be based largely on historical 
The art of weight estimation has evolved through the years b} 
the diligent collection and correlation of component weights 
previously built vehicles. New design weights are predicted 
the basis of the component weights of past designs. Little i 
mation is usually available on the other properties such as \ 
area, center of gravity and inertia of the components. The V 
program may be described as a point design weight analysis of 
the above type. 

2.1 BACKGROUND. 

The impetus for development of WAATS was the need of a stand 
weight analysis program for use in the ODIN (Optimal Design 
Integration) system of references 1 and 2. WAATS is designee 
to work as an independent program or within the ODIN framewoi 
as an element of an ODIN design analysis, WAATS accepts vehic 
characteristics f om the data base via its own input stream a 
generates elemental weights of the systems and subsystems. 

Most good weights analysis are embodied in larger system synt 
3Uv?h as VSAC, reference 1, SSSP, references 3 to 5 or ACSYNT , 
references 7 and 8. They combine weight analysis with sizinc 
mission, propulsion, aerodynamics, etc. In the ODIN system, 
these technologies are frequently segregated into individual 
functions. For example, the aerodynamics may be estimated ir 
a separate program such as TREND, references 9 or 10. Furthe 
the mission may be performed in a program such as ATOP, refer 
11 to 13. Most technology modules generate data which ultima 
influence the weight of the vehicle. In the ODIN system, the 
data are placed in the design dat^ base for use by other prog 
such as WAATS. 

| 2.2 APPROACH. 

> The classical approach to weight estimation (i.e. the compone 

buildup technique) is used in program WAATS. Each component 
weight is based on the weight of the same component of simila 

, vehicles that have actually been built or at least designed i 

great detail. The similarity law that gives the best correla 
for most systems has been shown to be the power law formula. 
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where 



B. 

i 



is the empirical coefficient of the historical equatic 

is a predominant physical characteristic or combinatic 
thereof affecting the weight of the component 

is the empirical exponent of the historical weight equ< 


The component weight is obtained from the summation of all ph] 
cal characteristic combinations, X^ which contribute to the w< 

of the component. The correlation parameters and are 

determined empirically from historical data on similar vehicl( 
systems or subsystems. WAATS is based on a preprogrammed set 
X i* A i and B i are read into the program. 

The weight of the vehicle is the cumulative total of all the 
weight components, w . 


w = l Wj 

w. is the weight of the component above. 

D 

The program logic assumes the propellant weight and physical 
characteristics are known. It performs the weight estimation 
based on the above formulations with user supplied correlatio 
parameters, estimated gross weight and estimated landing weig 
An internal .teration loop cycles through the equations until 
convergence on gross weight is achieved. Appendix A presents 
listing of WAATS with the actual flow logic coded in the sub- 
routine MASSP. 


2.3 CALCULATION OF KNIGHT COEFFICIENTS 

Component weight estimation in this report is based on the po 
law formula: 

W = a-x b 

This equation form generates a straight line on log-log graph 
Consequently most historical data is correlated on this type 
paper. All available data is usually plotted against the cor 
tion parameter , X. A regression analysis produces a mean lin 
(s) through the data. The coefficients A and B are then dete 
The data in Section 3 presents the historical data, the trend 
from the regression analysis and the coefficients. 

Frequently, however, the WAATS user desires to alter the tren 
line based on data for a vehicle more like to his -tudy vehic 
This results a change in the coefficients. A method for 


determination of the adjusted coefficients is presented below. 

If a new line is above or below the existing line, the A coeffi- 
cient is simply scaled by the ratio of any two values lying on 
the two lines at the same value of the X correlation parameter: 

A new _ W new @ X 
A old W old @ X 

The B exponent does not change since the "slope" or trend has nc 
changed. If the alteration of the "slope" or trend is indicated 
the following procedure may be employed in the calculation of A 
and B. 

Consider two correlation points, X^ and X^ and the corresponding 
weight values and on the log- log graph paper. The value 
of B for a straight line through the two points is: 

B = log 

log (X 2 /X 1 ) 

The logarithm may be any base. Suppose the two chosen points ai 
N cycles apart, the formula becomes: 

B - lo 9 

N 

if base 10 logarithm is employed in the numerator. The formula 
for natural logarithm is: 

B * In (W 2 /V^) 

27To1Tn 

The A coefficient can be determined by substitution 


A 


w i 



Using the above equation, the WAATS user can establish any weigh 
trend line desired based on new or existing data within this 
report. 
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3 . 0 WAATS PROGRAM FORMULATION 


Program WAATS computes approximate flight vehicle mass property 
basldonthe statistics of past designs. This technique is bas 


on: 


1 . 

2 . 


Correlation of past vehicle mass and volume properties 
against physically significant parameters. 


Regression analysis of the correlations to provide an 
analytic model for flight vehicle mass properties. 


The program operates at the subsystem and major component level 
The subsystem breakdown employed is: 


1 . 

2 . 

3. 

4. 

5. 

6 . 

7. 

8 . 
9. 

10 . 

11 . 

12 

13. 

14. 


Aerodynamic surfaces. 

Body structure. 

Induced environment protection. 

Launch and recovery. 

Main propulsion . v 

Orientation controls and separation system. 

Surface controls. , 

Power supply, conversion and distribution. 

Avionics . 

Crew systems. 

Design reserve (contingency) 

Personnel . , 1 

Crew and life support systems and residuals 

Propellants. 


Each subsystem is broken down into major components. For examj 
aerodynamic surfaces are broken down into four components: 


1. Wings. 

2. Vertical fin. 

3. Horizontal stabilizer. _ 

4. Fairings, shrouds and associated structure. 


Each subsystem and subsystem component 
relationship used is presented in the 


weight and estimating 
following sections. 


Tne WAATS computer program and the correlation data is present 
for most weight components in English Units. The following ta. 
may be used or can be used to obtain International (SI) Units. 


To Convert 


To 


Multiply By 


Pounds Kilograms 

Peer Meters 

Gallons Liters 


0.454 

0.3048 

3.79 


3.1 AERODYNAMIC SURFACES 


The total weight of the aerodynamic surface group is given by 

WSURF = WWING + WVERT + WHORZ + WFAIR 

where WWING = wing weight 

WVERT = vertica 1 fin weight 
WHORZ = horizontal tail weight 
WFAIR = aerodynamic fairing weight 

Expressions for each of thtse component weights are presented 
below. 


3.1.1 Wing 

The wing weight equation calculates an installed structural 
wing weight including control surfaces and carry through. 

The weight is calculated as a function of load and geometry. 


WWING = AC ( 1 ) * (WTO*XLF*STSPAN*SWING/TROOT) **AC(78) *l.E-6 
+ AC (2) *SWTNG + AC (3) 

+ AC (117) * (WLAND*XLF*STSPAN*SWING/TR00T*1 .E-9> 

**AC (118) 


where 


WWING = 
WTO 

WLAND = 
XLF 

STS^AN= 
SWING = 
TROOT = 
AC ( 1 ) = 
AC (78)= 
AC ( 2 ) = 
AC (3) = 
AC (117) 
AC (118) 


total structural wing weight, lbs. 
gross weight, lbs. 
landing weight, lb. 
ultimate load factor 

structural span (along .5 chord), ft, 
gross wing area, ft.^ 
theoretical root thickness, ft. 
wing weight coefficient 
wing weight exponent 

wing weight coefficient (f (gross area)) 
fixed wing weight, lbs. 

= wing weight coefficient F(WLAND) 

= wing weight exponent F(WLAND) 


lbs/f 


The data in Figures 3.1-1 and 3.1-2 represent wings that are 
basically constructed of aluminum and wings that are basically 
constructed of high temperature materials (steel and inconel) , 
respectively. The latter data is also representative of super- 
sonic wings with t/c values in the order of 3 to 3 1/2%. 

For variable sweep wing designs the various wing input terms 
should be based on the fully swept position. The AC(1) 
coefficient should then be increased by 15 to 20 per cent 
to account for the structural penalty for sweeping the wing 
forward. The user has an option of adding or removing a wing 
weight penalty on the basic wing calculation. An example 
would be to add a fixed weight per square foot for thermal 
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FIGURE 3.1-2 


WING WEIGHT FOR HIGH SPEED AIRCRAFT 
HIGH TEMPERATURE CONSTRUCTION 



protection system structure or high temperature resistant 
coatings. The coefficient AC (3) is to in out a fixed weight 
to the wing calculation. AC(117) and ACU18) provide the 
user with the capability of weighing the* wing on the basis 
of landing weight as is often done for reentry vehicles, 
Figure 3.1-3. The data are based on straight, swept and 
delta designs , 


3.1.2 Vertical Fin 

The vertical fin weight includes the weight of the control 
surface. The weight is calculated as a logarithmic function 
of surface area. The equation for vertical fin weight is: 

WVERT = AC (4) * SVERT ** AC (8 9) + AC (5) 

where WERT = total vertical fin weight, lbs 
SVERT - vertical fin planform area, ft 2 
AC (4) - * vertical fin weight coefficient 
AC(89)= vertical fin weight exponent (slope) 

AC(5) = fixed vertical fin weight, lbs. 

Correlation curves for vertical fin are shown in Figures 
3.1-4 and 3.1-5. 


The data of Figure 3.1-4 is based on Mach 2 type airplanes. 
They include aluminum, steel and inconel fin materials. It 
is assumed to be representative of the best type construction 
fc~ the Mach 0.6 to 2.0 range. The data, as shown, does not 
include allowances for thermal protection system weight. 

The da i_a of Figure 3.1 — 5 are based on low to moderate soeed 
straight and swept-wing aircraft. 

3.1.3 Horizontal Stabilizer 


The horizontal stabilizer weight includes the weight of the 
control surface. The weight is calculated as a function of 
weight/wing area, stabilizer planform area and dynamic 
pressure. The equation for horizontal stabilizer weight is 


WHORZ = AC (6) * ((WTO/SWING) ** .6 * SHORZ ** 1.2 *QMAX 

**.8) ** AC (90) + AC (7) + AC (119) * ( (WLAND/SWING! 

** .6 * SHORZ ** 1.2 * QMAX ** .8) ** AC (120) 

where WHORZ = total horizontal stabilizer weight, lbs. 

WTO = gross we i g h t , lbs. 

WLAND - larding weight 
SWING = q ross w i no area, ft 

SHORZ = horizontal stabilizer planform a^oa, ft“ 

QMAX = maximum clyna mic pressure, jbs/ft^ 
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AC ( 6 ) = 

AC (90) = 
AC ( 7) = 

AC (119)= 
AC (120)= 


horizontal stabilizer weight coefficient F(WTO) 
horizontal stabilizer weight exponent F(WTO) 
fixed horizontal stabilizer weiqht, lbs 
horizontal stabilizer weight coefficient F(WLAND) 
horizontal stabilizer weight exponent F(WLAND) 


The horizontal stabilizer weight data is presented in figure 
3.1-6 and 3.1-7. The data includes aluminum and inconel 
stabilizer materials. The data, as shown, does not include 
allowances for thermal protection system weight. 


3.1.4 Fairings, Shrouds and Associated Structure 


The type of aerodynamic structures included in this section 
are aerodynamic shrouds, equipment, dorsal, landing gear and 
canopy fairings. The canopy fairing is the structure aft 
of the canopy that is required to fair the canopy to the 
body. The weight of the canopy proper is included in body 
secondary structure. Wing to body fairings are included in 
the wing weights. Horizontal or vertical surface to body 
fairings are included in either the horizontal or vertical 
surface weight. Other types of fairing and shroud weight: 
may be determined from their surface area and the operating 
environment and is given in the program as 

WFAIR = AC (8) * SFATR + AC (9) 

where WFAIR = total weight of fairings or shrouds, lbs„ 
SFAIR = total fairing or shroud surface area, ft!, 

AC (8) = unit weight of fairing or shroud, Ibs/ft' - 
AC (9) = fixed weight of fairing or shroud, lbs 

If the design loqds and the fairing geometry is known, the 
weight in lbs/ft“ (i.e., the coefficient AC (8) can be found 
by calculation. In most cases, however, empirical or 
statistical data has to be used. The coefficient AC (8) can 
be found by multiplying an empirical unit weight WF by a 
factor t:o account for dynamic pressure and temperature 
differences. 


AC (8) = WF • KQ* KT 

where WF = fairing weight factor, Table 3.1-1 

KQ = fairing dynamic pressure coefficient. Figure 3.1-8 
KT = fairing temperature coefficient. Figure 3.1-9 

The factor KQ is shown plotuod against dynamic pressure in 
Figure 3. l-B. This factor s 1.0 at a dynamic pressure of 
400 lbs/ft/'. The factor KT is shown plotted versus tempera- 
ture in Figure 3.1-9. The factor is 1.0 at a temperature 
of 4 0 0 ° F . 
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The unit weight of typical fairings WF is shown in Table 
3.1-1. These unit weights have been normalized to a Q o 
400 lbs/ft2 and 400°F. In addition, this table shows a 
recommended AC (8) input for different types of fairings 
at a Q of 1000 lbs/ft 2 and a temperature of 800°F. 

The coefficient AC (9) is used for those portions of the 
fairings that have weight not dependent on fairing sizin' 
or it may be used either as a contingency or for a fixed 
input weight for the fairings. 


Table 3.1-1 Typical Fairing Weights 


Fairing Type 

WF at Q = 400 lbs/ft 2 
and T = 400°F 

AC(8) at Q = 1000 Ibs/ft 
and T = 800°F 

Aerodynamic Shroud 

4.80 

6.6 

Canopy Fairing 

4.00 

5.5 

Equipment Fairing 

1.50 

2.06 

Dorsal Failing 

2.00 

2.75 

Cable Fairing 

1.50 

2.06 

Landing Gear Fairing 

2.00 

2.75 



3.2 BODY STRUCTURE 


The total weight of the aircraft body group is given by 

WBODY = WBASIC + WSECST + WTHRST + WINFUT + W1N0XT 

where WBASIC = basic body weight 

WSECST = secondary structure weight 
WTHRST - thrust structure weight 
WINFUT = installed fuel tank weight 
WINOXT = installed oxydizer tank weight 

Expressions for each component weight are qiven below. The 
weight of booster as well as aircraft type body structures 
can be estimated. 

3.2.1 Basic Body Structure 

The vehicle body weight equation is based upon correlating 
che actual weight of existing hardware with significant 
load, geometry and environmental parameters. For vehicles 
of an advanced nature, modifying factors based upon design 
studies of cruise vehicles are applied to the basic data to 
account for the expected ad\ ances in technology and more 
severe environment. Equations derived from existinq data 
includes non-optimum factors which are difficult to justify 
by analytical procedures. These non-optimum factors are 
important weight items, as shown by the weight growth of 
many vehicles between the initial concept and the finished 
hardware . 


The equation used for basic body weight is 

WBASIC = AC (14) * SBODY + AC (IS)* ( (ELBODY *XLF/HRODY) 

**.15 * QMAX ** .16 * SBODY **1.05) ** AC (81) 

+ AC (16) 


where 


WBASIC 

SBODY 

XLF 

ELBODY 
QMAX 
IIBODY 
AC (1 4 ) 
AC ( 1 5 ) 
AC ( 8 1 ) 
AC ( 1 6 ) 


= total weight of basic body, lbs 
= total body wetted area, ft 2 
= ultimate load factor 
= body length, ft 2 

- maximum dynamic pressure, lbs/ft 

= body heiqht, ft 9 

= basic body unit weight, lbs/ft~ 

= basi.: body weight coefficient (intercept) 

- basic body weight coefficient (slope) 

= fixed basic body weioht, lbs 


The primary function of the first part of the basic rody 
equation, AC (14) * SBODY allows a weight penalty based upon 

a constant unit weight of structural area without involving 


the parameters used in the second part of the overall 
equation. The second part of the equation obtains the basic 
body weight using design and geometry parameters. The basic 
body weight data is shown in Figure 3.2-1. Since the data 
is for aluminum structure/ operating at temperatures of 
250OF, a modifying factor must be used with AC (15) for 
other materials and temperatures. The modifying factor (MF) 
is obtained from Figure 3.2-2. The AC (15) obtained from 
Figure 3.2-1 is multiplied by the modifying factor (MF) to 
obtain the input for aluminum, titanium or Rene* 41 at 
elevated temperatures. 

AC (15) actual = AC (15) Fig. 3.2-2 x MF 
3.2.2 Body Secondary Structure 

Secondary structure includes windshields, canopy, landing 
gear doors, flight opening doors and speed brakes. If a 
weight estimate based upon analysis is available, it should 
be used in lieu of the following data. 

The equation for calculating secondary structure is 

WSECST = AC (17) * SBODY + AC(18) 

where WSECST = weight of body secondary structure, lbs 
SBODY = total body wetted area, ft- 
AC(17) = secondary structure unit weight, lbs/ ft"- 
AC (18) = fixed secondary structure weight, lbs 

The body secondary weight coefficient AC (17) varies from 
0.58 to 1,38. If specific design detail is not available, 
an average value of 0.98 may be used for the AC (17) coefficient 
However, if any design detail is available, the coefficient 
should be tailored using the data shewn in Table 3.2-1 as 
a guideline. 
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BASIC BODY WEIGHT, WBASIC (lb) 
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Table 3,2-1 Guidelines for Estimating AC (17) 
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3.2.3 Thrust Structure 

The thrust structure weights are a function of the total 
vacuum thrust of the engines. The equation used for thrust 
structure weight is 

WTHRoT = AC (19) * TTOT + AC (20) 

where WTHRUST = weight of thrust structure, lbs 
TTOT = total staac vacuum thrust, lbs 
AC (19) = thrust structure weight coefficient 

AC (20) = f ’ 3 d thrust structure weiaht, lbs 

The aircraft thrust structures are required to mount air- 
breathing engines and rocket engines. The airbreathing 
thrust structure weight coefficients AC (19) and AC(20) are 
obtained from Fiaure 3.2-3. The input for rocket engine 
thrust structure weight is obtained from Fiaure 3.2-4. 

The rocket engine thrust structure assumed for this data 
is a cone or barrel structure attached to a bulkhead. 
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3.2.4 integral Fuel Tanks 

The integral fuel tanks are sized as a function of total 
tank volume, ineludinq ulloqe and residual volume. The 
input coefficients are based on historical data from the 
Saturn family of LO.,/LU,\ vehicles. The equation for 
integral fuel tank weiqht is 

WINFUT = AC (130) * VFUTK + AC (131) 

where WIN’FUT = weiqht of integral fuel tank, lbs 
VFI'.TL = total volume of fuel tank, t t ^ 

AC (1 3 0)= intoqral Fuel tank weiqht coefficient., 
lbs/ ft 3 

AC ( 1 j'l) = : fixed intcnual fuel tank weiqht, lbs 

The intoqral fiiol tank weiqht coefficients AC ( 1 10) and 
AC (131) are obtained from Fi. nure 3.2-5. When a non-Saturn 

type tank configuration is utilised, the coefficient AC (130) 

should be multiplied by a con f iqura t ion t actor. 

3.2.5 Integral C'xidizer Tanks 

The integral oxidi zor tanks a re s i zed as a funct ion ot 
total tank volume, ineludinq ul laqe and residual volume. 

The input coefficients are based on historical data from 
the Saturn family or hO.,/ Lib, vehicles. The equat ion for 
integral oxidizer ta.uk weiqfit is 

WINOXT = AC (132) * VOXTK + AC (135) 

where WINOXT ~ weiqht of intoqral oxidizer tank, lbs 
VOXTK “ total volume of oxidizer tank, ft ' 
AC(132)= intoqral oxi«3.izer tank weiqht coefficient, 
lbs /ft- 1 

AC(133)= fixed introral oxidizer tank weiqht, lbs 

The intoqral oxidizer tank weiciht coefficients Ac' (1 131 and 
AC (133) are obtained from Fiquro 3.2-h. When a non-Saturn 
type tank con f iuurat ion is util izod, the eoetticient AC (1 33) 
should bo multiplied bv a c on f i q lira t i on faetor. 
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FIGvPwE 3.2-6 INTEGRAL OXIDIZER 


3.3 INDUCED ENVIRONMENTAL PROTECTION 


The total weight of the aircraft induced environmental 
protection group is given by 

WTPS = WINSUL + WCOVER 

where WINSUL = insulation weight 
WCOVER = cover plate weight 

The inputs for a specific design concept are normally 
obtained by a thermal analysis. This method should be used 
when specific design conditions are known, as it yields the 
most accurate results accounting for all the features of a 
particular design. When detailed knowledge of a design is 
not available, generalized data is given based upon the 
results of prior design studies. The data presented is 
simplified for use in generalized aircraft weight/sizing . 

The results do not replace a detailed thermal analysis. 

A radiative protection system to hold structural temperatures 
within acceptable limits is the type of vehicle thermal 
protection system considered for this study. Th^s system 
utilizes radiative cover panels with or without insulation. 

3.3.1 Insulation 

When insulation is used, it assumes that the structural 
temperature is held to approximately 200°F. The insulation 
must then be protected from the flight conditions by 
radiative cover panels. The equation for the insulation 
weight is 

WINSUL = AC (21) * STPS + AC ( 7 6 ) 

where WINSUL = total weiqht of TPS insulation, lbs 
STPS = total TPS surface area, ft 2 
AC (21) - insulation unit weight, lbs/ft 2 

AC ( 76 ) = fixed insulation weight, lbs 

The coefficient AC (21) is an insulation unit weiqht that 
may be obtained as a function of surface temperature from 
Figure 3.3-1. The user must estimate the surface temperature 
that will be encountered in order to input the coefficient 
AC (21) . The data shown in Figure 3.3-1 is based on 
microquartz insulation for a 1.0 hour time duration. The 
three curves represent allowable heating rates of 100 400, 

and 700 3tu/ft 2 with the structural temperature seine held 
to approximately 200 Ck F. The area of the aircraft which is 
to be covered by insulation is specified in the input data 
as discussed in Section 4. Fiaure 3.3-2 presents data for 
estimating C(21) based on 30-minute time duration. 
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FIGURE 3.3-1 EXTERNAL INSULATION UNIT WEIGHTS FOR ONE-HOUR DURATION 











ALLOWABLE HEATING RATE fBTU/HOI 



SURFACE TEMPERATURE (• F) 

FIGUP-E 3.3-2 EXTERNAL INSULATION UNIT WEIGHT FOR 30-MINUTE DURATION 







The coefficient AC(76) is a fixed input weight to the 
insulation calculation. A typical example of the use of 
this coefficient would be to add a fixed insulation 
weight for localized hot spots. 

3- 3,2 Cover Panels 


When the design concept utilizes insulation panels to hold 
the structural temperature within acceptable limits, the 
insulation must be protected from flight conditions. This 
protection is provided by cover panels. The equation for 
the cover panel weight is 


WCOVER = AC (22) *STPS + AC (77) 


where 


WCOVER = total weight of TPS cover panels, 
STPS = total TPS surface area, ft- 2 2 
AC (22) = cover panel unit weight, lbs/ft^ 
AC (77) = fixed cover panel weight, lbs 


lbs 


Cover panels used in recent studies have varied greatly in 
design features and materials. The generalized equation 
used in this program must be input from point design data 
if a specific design is to be properly represented. A ranae 
of input values are included to provide the user with a 
weight that will be representative of the cover panel designs 
used in recent studies. 


The coefficient will vary from AC(22) = 0.8 to 1.5 if 
insulation is used in conjunction with the cover panels. 
If insulation panels are not utilized, the input will 
vary from AC (22) = 1.25 to 2.0. The lower values are 
representative of efficient attachment capability and 
the higher value requiring deep frame or standoff 1 s fv.r 
attachment. The values shown are average unit weights 
to be used with the total body wetted area. 
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3.4 


LAUNCH AND RECOVERY 


The total weight of the launch and recovery gear is given 
by 

WGEAR = WLANCH + WLG 

where WLANCH = launch system weight (if any) 

WLG = landing gear weight 

Expressions for these component weights are given below. 

3.4.1 Launch Gear 

The launch gear equation is used for the support structure 
and devices associated with aircraft that are used to attach 
to a hover ship. This includes struts, pads, sequencing 
devices, controls, etc. The equation for launch gear is 

WLANCH = AC (23) *WTO + AC (24) 

where WLANCH = total weight of launch gear, lbs 
WTO = gross weight, lbs 
AC (23) = launch gear weight coefficient 
AC (24) = fixed launch gear weight, lbs 

The weight coefficient AC (23) is a proportion of the computed 
gross weight. A typical value for oreliminary design pur- 
poses, would be AC (23) = 0.0025. 

3.4.2 Landing Gear 

The landing gear equation has been developed from data 
correlation of existing aircraft. This data included the 
nose gear, main gear and controls. The equation for 
calculating landing gear (including controls is 

WLG = AC (25) *WTO **AC(101) + AC (26) * WLAND ** AC (121) 

+ AC (27) 

whete WLG = total weight of landing gear and controls, 
WTO - gross weight, lbs 
WLAND = maximum landing weight, lbs 

AC (25) = landing gear weight coefficient (intercept 
f (WTO) 

AC (101)= landing gear weight exponent (slope f (WTO) 
AC (26) = landing gear weight coefficient (f (WLAND)) 
AC (27) = fixed landing gear weight, lbs 

AC (121) — landing gear weight exponent (f (WLAND) ) 

The landing gear weight coefficients for take-off design 
gears are shown in Figure 3.4-1. These coefficients should 
be used wfcen the landing gear is to be scaled as a function 




lbs 
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LANDING GEAR & CONTROLS WEIGHT <Ib) 















of gross weight. When the coefficients AC (25) and AC (101) 
are used, the coefficients AC (26) and AC(121) should be 
zero . 

The weights coefficient AC(26) and AC (121) are used for 
vehicles whose gear is used only for landinq . Gear weight 
will then vary with the landing weight instead of gross 
weight. Figure 3.4-2 may be used for estimating these 
coefficients . 







3.5 MAIN PROPULSION 


to 


The total weight of the aircraft main propulsion group is 
given by 

WPROPU = WABENG + WRENGS + WFUNCT + WOXCNT + WINS FT 

+ WINSOT + WFUSYS + WOXSYS + WPRSYS + WINLET 
where WABSEG 

WRENGS 
WFUNCT 
WOXCNT 
WINS FT 
WINSOT 
WYUSYS 

WOXSYS 
WPRSYS 
WINLET 

Expressions for 

3. 5,1 Main Propulsion Engines 


= airbreathing engine weight including 
engine mounts 

= rocket engine weight, including engine mounts 
= fuel tank weight 

= oxidizer tank weight, rocket engines only 
= fuel tank insulation weight 
= oxidizer tank weight, rocket engines only 
= weight of storable propellant fuel system, 
less tanks 

= erogenic propellant oxidizer system weight 
= propellant pressurization system weight 
= inlet system weight 

each component weight are presented below. 


The main engines are used to propel the vehicle. This includes 
either airbreathing or rocket propulsion systems. The air- 
breathing engines considered in this study are the turboramjet 
and ramje;. 


3. 5, 1.1 ' n urboram jet 

The turboramjet data is for the GE 12/J28 engine. The 
equation for turboramjet follows. 


WABENG = {AC (32) * e ** (AC(?3) * WA) * ( (PT2-PHIGH) / 

(PLOW-PHIGH) + AC (34) * e ** (AC (35) * WA) 

* ( (PT2-PL0W) / ( PH IGH- PLOW) ) * ENGINS + AC ( 1 ) 

* ENGINS + WEN GMT 


where 


WABENG 

WA 

PT2 

PHIGH 

PLOW 

ENGINS 
WEN GMT 


total weiqht of airbreathing engines, lbs 
calculated turboramjet engine air flow 
rate, lbs/ sec 

calculated turboramjet engine inlet 
pressure, psi 

turboramjet engine inlet pressure* (upper 
desiqn curve, psi 

turboramjet engine inlet pressure (lower 
desian curve, psi 

total number of engines per stage 

weight of engine mounts, lbs (Section 3.5.2) 
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AC ( 32 ) 
AC ( 33 ) 
AC ( 34 ) 
AC ( 3 5 ) 
AC ( 9 1 ) 


turbo ram jot engine weight 
(lower design point) 
turboramjet enqino veiqht 
(lower design point) 
turboramjet engine weight 
(upper design point) 
turboramjet engine weight 
(upper design point) 
fixed turboramjet engine weight, 


coefficient 
coef f icient 
coefficient 
coefficient 
lbs 


The weight coefficients, AC{32), AC(33), AC(34) and AC(35) 
are used to scale the turboramjet engine weight as a function 
of engine air flow rate and pressure. The input values for 
these coefficients may be obtained from Figure 3.5-1. The 
data presented is for two design conditions of the OF 14/JZ8 
engine. The data in the lower curve represents an engine 
for Mach 4.5 with a pressure of 46 psia at a cruise altitude 
of 90,000 feet. The data in the upper curve represents an 
for Mach 4.5 with a pressure of 176 psia at a cruise 
of 61,600 feet. The ratio of calculated pressure 
(PT2) to the pressure for the upper curve (THIGH = 176 psia) 
and the pressure for the lower curve (PLOW =46 psia) allows 
a scaling capability around the two design conditions. 


3 . 5 . 1 . 2 Ramjet 


The ramjet engine is sized as a function of thrust. The 
equation for ramjet onoine weight is 


KABENG » AC (82) * TTOT + AC (83) + V ENGMT 


where 


WABENG = total weight of airbreathing engines, lbs 
TTOT = total ataao vacuum thrust, lbs (THRUST 
* ENGINS * ACTR) 

AC (82) = ramjet engine weight coefficient 
AC (83) = fixed ramjet engine weight, lbs 
WENGMT = weiaht of engine mounts, lbs; see Section 
3.5.2 


The input value of AC (82) = 0.01 is representative of a low 
volume ramjet engine with a thrust to calculated weight ratio 
equal to 100:1. Figure 3.5-2 shows ramjet enqine weight 
versus thrust for an AC (82) value of o-01. 

i 

I 3 . 5 . 1 . 3 Rocket 

i 

i The rocket cnaine data ;s based on the LR-12R LO^/bH 

I engine. The weiaht is sealed as a function of tcitadst aue 

| vacuum thrust and area ratio. The equation for rocket 

I enqine weight is 


WRKNGS 


AC ( 2 S ) *TTOT + AC ( 2 0 ) * TTOT * A RATIO ** AC (30' 

+ AC (31) * RN'GINP + V.’KNGMT 
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where WRENGS = total weight of rocket engine installation, lbs 
VfOT = total staao vacuum thrust, lbs (THRUST 

* ENG INS * ACT R ) 

ARATIO - rocket engine area ratio 

ENGINS = total number of engines per staao 

WEN GMT = weiaht. of engine mounts, lbs; see Section 3.5.2 

AC (28) = rocket engine weight coefficient (f (Thrust') 

AC (29) = rocket engine weight coefficient (f (Thrust 
and area ratio) ) 

AC (30) = rocket, engine area ratio exponent 
AC (31) = fixed rocket engine weight, lbs 

The weight coefficients AC(28), AC(29) and AC(30) are obtained 
from Figure 3.5-3. The engine data presented does not 
include allowances for PVC ducts or gimbal system. The 
gimbal system weight equation is not included. The assumption 
has been made that PVC ducts are not required on the type 
vehicles used for this study. 

3.5.2 Engine Mounts 

The weight equation for engine mounts if 

WENGMT = AC (102) * TTOT + AC (103) 

where WENGMT = weight of engine mounts, lbs 

TTOT = total stage vacuum thrust, lbs (THRUST 

* ENGINS * ACTR) 

AC (102)= engine mount weight coefficient 
AC (103)= fixed engine mount weight, lbs 

The expression AC (102) * TTC T is the penalty for engine 

mounts attached to the engine. The engine mounting penalty 
associated with the body is included in basic body structure. 

A typical value used in design studies is AC (102) = 0.004 
for airbreathing engine installations and AC (102) = 0.0001 
for rocket engines. 

3.5.3 Fuel and Oxidizer Tanks 

The type of fuel and oxidizer tank construction include non 
self-sealing (bladder), self-sealing and intearal, The 
configuration concept: that utilize airbreathing enqines 
with JP-4 and JP-5 type fue , may use any one of the three 
typo fuel tank cons tractions discussed. However, when air- 
breathing engines are used vith liquid hydrogen fuel the 
tanks are assumed to be an .'ntcgral design based on the X-15 
concept. The configuration concepts that utilize a rocket 
enaine installation, are assumed to have an intearal tank 
design for both fuel and oxidizer that is based on the X-15 
design concept. 
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3. 5.3.1 JP-4 and JP-5 Type Fuel 

The non self-sealing and self-sealing fuel tank weights for 
JP-4 and JP-5 type fuel are derived by the equation 

WFUNCT = AC (36) * (GAL/TANKS) ** .6 * TANKS + AC (37) 

where WFUNCT = total weight of fuel tank, lbs 
GAS = total gallons of fuel 
TANKS = number of fuselage fuel tanks 

AC (36) = fuel tank weight coefficient (=0, for integral 
tanks) 

AC (37) = fixed fuel tan * weight, lbs ( = 0, for integral 
tanks) 

The weight coefficient AC (36) is obtained from Figure 3.5-4. 

The weight for these tanks include supports and backing boards. 
Existing airplanes that utilize integral fuel tank are the 
F-102, F- 106 and F-lll. The F-4 and A-7 also utilize this 
concept in the winqs but not in the fuselage. 

3. 5. 3. 2 Liquid Hydrogen Fuel and Rockets 

The aircraft stages that use either airbreathing engines 
with liquid hydrogen fuel or rocket engines are assumed to 
have propellant tanks that are integral and based on the X-15 
design concept.. The equation for fuel tank weight is 

WFUNCT = AC (36) * VFUTK + AC (37) 

where WFUNCT = total weight of fuel tank, lbs 
VFUTK = total volume of fuel tank, ft J 
AC (36) = fuel tank weight coefficient, Ibs/ft 
AC (37) = fixed fuel tank weight, lbs 

The weight coefficient AC (36) is obtained from Figure 3.5-5. 
The equation for oxidizer tank weight is 

WOXCNT = AC (33) * VOXTK + AC (39) 

where WOXCNT = total weight of oxidizer tank, lbs 
VOXTK = total volume of oxidizer tank, ft 
AC (38) = oxidizer tank weight coefficient, lbs/ft 
(=0, for airbreather) 

AC(39) = fixed oxidizer tank weight, lbs (=0, for 
airbreather) 

The weight coefficient AC(38) is obtained from Fiqcre 3.5-5. 
3.5.4 Fuel Tank Insulation 

This section presents the data to obtain a weight penalty 
associated with protection requireu to prevent excessive 
boil-off from cryogenic propellant tanks. The insulation 
penalty is in terms of Ibs/ft^ of tank area. 
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The equation for fuel tank insulation weight is 


WINSFT = AC (4 0) * SFUTK 4- AC (41) 


where 


WINSFT = total weight of fuel tank insulation, lbs 
SFUTK = total fuel tank wetted area, ft^ 

AC (40) = fuel tank insulation unit weight, lbs/ft 
AC (41) - fixed fuel tank insulation weight, lbs 


The weight coefficient AC(40) is obtained from Figure 3.5-6. 
The fuel tank insulation unit weight is a function of 
radiating temperature. A typical radiating temperature of 
500°F may be assumed for preliminary runs if other data is 
not available for making a specific selction. 

The AC (40) value obtained from Figure 3.5-6 is for a total 
flight duration time of 5000 seconds. When other flight 
times are anticipated, the AC (40) value should be modified 
by multiplying it by the time correction factor (*p ) 

obtained from Figure 3.5-7. CORR 


3.5.5 Oxidizer Tank Insulation 


No requirement for the insulation of the main oxidizer 
tanks has been necessary in past design studies because 
storage times have been relatively low. However, an equation 
and input data is provided for cases where oxidizer tank 
insulation is required. The equation for oxidizer tank 
insulation weight is 

WINSOT = AC (42) * SOXTK + AC(43) 

where WINSOT = total weight of oxidizer tank insulation, lbs 
SOXTK = total oxidizer tank wett^ed area, ft^ 2 

AC M2) = oxidizer tank insulation unit weight, lbs/ft 
AC (43) = fixed oxidizer tank insulation weight, lbs 

The weight coefficient AC (42) is obtained from Figures 3.5-6 
and 3.5-7. The selection criteria used to obtain AC(42) is 
the same as that used for AC(40). 

3.5.6 Storable Propellant Fuel System 

The weight of the storable propellant fuel system is given 
by the following equation 

WFUSYS = WBPUMP *4 WDIST1 + WDIST2 + WFCONT 4- WRT.FUL + 
WDRANS + WSEAL 

where WBPUMP = boost and transfer pump weight 

WDISTl = weight of fuel lines, supports, fittings, 
etc., from reservoir tank to engines 
WDIST2 = weight of fuel lines, supports, fittinas, 
etc., between tanks 


r' 
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TIME DURATION (sec) 


FIGURE 3.5-7 


FUEL AND OXIDIZER TANK INSULATION 
TIME CORRECTION FACTOR 





/ 


WFCONT = fuel system control weight 
WREFUL = tank refueling system weight 
WDRANS = dump and drain system weight 
WSEAL = sealing weight 

Expressions for each component weight are provided below. 

3. 5.6.1 Boost and Transfer Pumps 

The weight of the boost and transfer pumps is a function 
of the engine thrust and the number of engines. The 
equation for boost and transfer pumps is 

ttot 

WBPUMP = - jo oo * (1- 75 + 0.266 * ENGINS) 

where WBPUMP = total weight of boost and transfer pumps, lbs 
TTOT = total stage vacuum thrust, lbs (THRUST * 
ENGINS * ACTR) 

ENGINS — total number of engines per stage 

3.5.6. 2 Fuel Distribution, Reservoir to Engine 

The fuel distribution system, Part 1, is the total of all 
fuel lines, supports, fittings, etc., to provide fuel flow 
from a reservoir tank to the engines. The equation for the 
fuel distribution Part 1 weight is 

WDISTI = ENGINS * AC (104) * (TTOT/ENGINS ) ** .5 

where WDITSI - total weight of fuel distribution system 

Part 1, lbs 

ENGINS = total number of engines per stage 
TTOT = total stage vacuum thrust, lbs (THRUST * 
ENGINS * ACTR) 

AC (104)= weight coefficient for fuel distribution 
system Part 1 

The weight coefficient AC (104) is used to differentiate 
between a non-afterburning and afterburning engine. The 
value of AC(104) is obtained from Figure 3.5-8. 

3. 5. 6. 3 Fuel Distribution, Inter-Tank 

The fuel distribution system. Part II, is the total of all 
fuel lines, fittings, supports, etc., to provide flow between 
various tanks within the system. The equation for the fuel 
distribution system Part II weight is 


WDIST2 


0.255 * GAL ** . 7 * TANKS ** .25 


where K'DIST 2 = total weiaht of fuel distribution system 

Part II, lbs 

GAL = total gallons of fuel 

TANKS = number of fuselage fuel tanks 


GAL 

TANKS 
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3. 5.6.4 Fuel System Controls 



The fuel system controls is the total of all valves and 
valve operatinq 'quipment such as wiring, relays, cables, 
etc. The equation for the fuel system controls woiaht is 

WFCONT = 0.169 * TANKS * GAL ** .5 

where WFCONT = total weiaht of fuel system controls, lbs 
TANKS = number of fuselage fuel tanks 
GAL = total gallons of fuel 

3. 5. 6. 5 Refueling System 

The fuel tank refueling system includes the ducts and valves 
necessary to fill the fuel tanks. The equation for fuel 
tank refueling system weight is 

WREFUL = TANKS * (3.0 + 0.45 * GAL ** .333) 

where WREFUL = total weight of fuel tank refueling system, lbs 
TANKS = number of fuselage fuel tanks 
GAL = total gallons of fuel 

3. 5. 6. 6 Dump and Drain System 

The fuel tank dump and drain system is the total valves and 
plumbing necessary to dump and drain the fuel system. The 
equation for fuel tank dump and drain system weight is 

WDRANS = 0.159 * GAL ** .65 

where WDRANS - total weight of fuel tank dump and drain 

system, lbs 

GAL = total gallons of fuel 

3 . 5 . 6 . 7 Sealing 


The fuel tank bay sealing is the total weight of sealing 
compound and structure required to provide a fuel tight 
compartment. This sealing is used with a bladder tank to 
prevent fuel leakage and it is used to seal off a structural 
compartment to provide an integral tank concept. The 
equation for fuel tank bay sealing v*;eight is 

WSEAL = 0.045 * TANKS £ (GAL/TANKS) ** .75 


where 


total fuel tank bay sealing weight, lbs 
number of fuselage fuel tanks 
t o t a 1 a a 1 1 o ns of f u e 1 



WSEAL 

TANKS 

GAL 
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3.5.7 Cryogenic Propellant Fuel System 

The equation for cryoaenic propellant fuel system weiaht is 
used for airbreathing engines that utilize liquid hydroaen 
fuel and with rocket engine installations. This system 
weight includes the pumps, lines, valves, supports, etc. 
associated with the cryogenic fuel system. it is divided 
the components that are thrust de^°ndent and the com- 
ponents that are primarily length dependent. The equation 
for the cryogenic fuel system weight is 

WFUSYS = AC (44) * TTOT + AC (45) * ELBODY + AC (46) 

where WFUSYS = total weight of fuel system, lbs 
TTOT = total stage vacuum thrust, lbs 
ELBODY = body length, ft 

AC (44) = cryoaenic fuel svstem weiaht coefficient 
(f (Thrust) ) 

AC (45) = cryogenic fuel system weight coefficient 
(f(Length)), lbs./ft 

AC (46) = fixed cryogenic fuel system weight, lbs 

The thrust dependent weight coefficient AC (44) is obtained 
from the upper curve in Figure 3.5-9 and the lenath dependent 
weight coefficient AC (45) is obtained from the lower curve. 

3.5.8 Cryogenic Propellant Oxidizer System 

The equation for cryogenic propellant oxidizer system weight 
is ..sed with rocket engine installations. This system 
weight includes the pumps, lines, valvues, supports, etc. 
associated with the cryogenic oxidizer sy< tom*. It is divided 
into the components that are thrust dependent and the com- 
ponents that are primarily length dependent. The equation 
for the cryogenic oxidizex system weight is 


WOXSYS = AC (47) * TTOT + AC (48) * ELBODY + AC (4°) 


where 


WOXSYS 

TTOT 

ELBODY 
AC (4 7) 

AC ( 4 8 ) 

AC (4 9) 


total weight oi oxidizer system, lbs 
total stage vacuum thrust, 'lbs (THRUST * 

ENG I NS * ACTR) 
body length, ft 

cryogenic oxidizer system weight coefficient 
(f (thrust) ) 

cryogenic oxidizer system weight coefficient 
(f ( lengih) ) , lbs/ft 

fixed c.vyogenic oxidizer system weiaht, lbs 


The thrust dependent weignt coefficient AC(4?) is obtained 
from the upper curve in F,.gure 3.5-10 and the lenath dependent 
weight coefficient AC (48) is obtained from the lower curve. 
When an airbreathing engine installation is used with liquid 
hydrogen fuel the coefficients AC ( 4 7 ) , AC(48> and AC(49) must 
be set to zero. 
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3.5.9 Storable Propellant Pressurization System 

The pressurization system for storable propellants includes 
the bottles, valves, plumbing and supports. This system is 
used on the aircraft stage with airbreathing engines. The 
equation for storable propellant pressurization system weight 
is 

WPRSYS = 0.0009 * TTOT * TANKS 

where WPRSYS = weight of pressurization system, lbs 
TTOT = total stage vacuum thrust, lbs 
TANKS = number of fuselage fuel tanks 

3.5.10 Cryogenic Propellant Pressurization System 

The cryogenic propellant pressurization system is based on 
the X-15 concept. The system weight includes the storage 
bottles, stored gas and system components. The weight 
equation inputs are based on the fuel and oxidizer tank 
volumes. The equation for cryogenic propellant pressuriza- 
tion system weight is 

WPRSYS = AC ( 50 ) * VFUTK + AC(51) * VOXTK + AC(52) 

where WPRSYS = weight of pressurization system, lbs 
VFUTK = total volume of fuel tank, f t ^ - 

VOXTK = total volume of oxidizer tank, ft^ 

AC (50) = fuel tank pressure system weight coefficient, 
lbs/ft 3 

AC (51) = oxidizer tank pressure system weight 
coefficient, lbs/ft^ 

AC (52) = fixed press arization system weight, lbs 

The coefficients AC(50) and AC(51) are fuel and oxidizer 
dependent, respectively, for the pressurization system 
weights. The input value for these coefficients are obtained 
from Figure 3.5-11. When an airbreathing engine is used 
with liquid hydrogen fuel, the coefficient AC(51) must be 
set to zero. 

3.5.11 Inlet System 

The weight of the inlet system is given by 

WINLET = WIDUCT + WVRAMP + WSPIKE 

where WIDUCT = interna', duct weight 

WVRAMP = ramp ancl ramp control weight 
WSPIKE = spike weight 

Expressions for each component weight are given below. 
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OXIDIZER OR FUEL TANK VOLUME (ft ) 

FIGURE 3.5-11 OXIDIZER AND FUEL PRESSURIZATION SYSTEM WEIGHT 



3.5.11.1 Internal Duct 

The equation for inlet internal duct weight is 


WIDUCT = AC (53) * ( (ELNLET *X INLET ) ** .5 * (AICAPT/ 

XINLET) ** .3334 * PT2 **.6667 * GEOFCT * FCTMOK) 

** AC ( 54 ) + AC (105) 

where WIDUCT = weight of inlet internal duct, lbs 

ELNLET = length of duct (lip to engine fact), ft 
XINLET = number of inlets 
AICAPT = total inlet capture area, ft 2 
PT2 = calculated engine inlet pressure, psia 
GEOFCT = geometrical out of round factor 

1.0 for round or one flat side 
1.33 for tw*o or more flat sides 
FCTMOK = Mach number factor 

1 . 0 for Mach <1.4 
1 . 5 for Mach } 1 . 4 

AC ( 53 ) = inlet internal duct weight coefficient 
(intercept) 

AC (54) = inlet internal duct weight coefficient (slope) 
AC (105)= fixed internal duct weights, lbs 

The inlet internal duct weight coefficients AC(53) and AC(54) 
are available from Figure 3.5-12. 

3.5.11.2 Ramp 

The weight for variable ramps, actuators and controls is 
dependent on temperature as the design Mach number increases. 

The equation for the temperature correction factor follows. 

i l.O Mach number < 3.0 

0.203 * DM + 0.4, Mach number £ 3.0 

where TMPFCT = temperature correction factor 
DM = design Mach number 

The design Mach number of 3.0 gives a temperature correction 
factor of 1.0 and should be considered as a minimum input. 

The equation for variable ramps, actuators and controls is 

WVRAMP = AC (106) * ( EL RAMP * XINLET * ( AICAPT/XIN .,ET) 

** .5 * TMPFCT) ** AC (107) + AC (108) 


WVRAMP = weiaht of inlet variable ramps, actuators 
and controls, lbs 

ELRAMP = total length of ramp, ft 
XINLET = number of inlets 2 

AICAPT = total inlet capture area, ft 
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A r A An A i A 

» X1NLET) • (A1C APT/XI NLET ) ' (PT2) ’ (GEOFCTl (FCTM< 

ELNLET = ' LENGTH OF D UCT (LIP TO ENGINE FACE) I 7 
X INLET = NUMBER OF INLETS E'-fi : j ; * 


AICAPT = TOTAL INLET CAPTURE AREA 

PT 2 = CALCULATED ENGINE INLET PRESSURE 


GFOFCT = GEOMETRICAL OUT OF ROUND FACTOR L: j : j |L! | 
USE 1.0 FOR ROUND OR ONE FLAT SIDE \ ; ;E}7 

USE 1.33 FOR TWO OR MORE FLAT SIDES LI . L j ; 

FCTMOK = MACH NUMBER FACTOR 

USE 1.0 FOR MACH < 1.4 E ~ : j \ E:E 

use 1.5 for mach > i.4 u"---':: 













TMPFCT 
AC (106) 

AC (107) 

AC (108) 


temperature correction factor 
variable ramps, actuators and controls 
weight coefficient (intercept) 
variable ramps, actuators and controls 
weight coefficient (slope) 
fixed weight for variable ramps, actuators 
and controls, lbs 


The variable ramps, actuators and controls weight coefficients 
AC (106) and AC(107) are given in Figure 3.5-13. 


3.5.11.3 Spike 

The weight of the spike is a fixed input which depends on 
the type of spike used. The equation for total spike weight 
is 

WSPIKE = AC ( 109 ) * XINLET 

where WSPIKE = total weight of spikes, lbs 
XINLET = number of inlets 
AC (109)= spike weight coefficient, lbs 

The weight coefficient AC (109) is obtained from Table 3 < 5~1 


TV.l'H OF SPIFF, 

AC(!0'j) 

1/2 HOUND •• FIXED 

35 

FULL K< VaD - TKAXSJ/.TJXG 

70 

FULL 'J ' } b\ X S 1 A TI X (I /.KD EX FAFFING 

200 


TABLE 3.5-1. TYPICAL SPIKE WEIGHTS 



INLET VARIABLE RAMPS, ACTUATORS 6 CONTROLS (lb/airplane) 
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1] = EUL\MP*XINLET*(AICAPTA'INLET)**.5*TMPFCT 


: ELRAMP = TOTAL LENGTH OF RAMP - FT 


rXINLET = NUMBER OF INLETS 


AICAPT = TOTAL INLET CAPTURE AREA - FT 


^TMPFCT = TEMPERATURE CORRECTION FACTOR 




FIGURE 3.5-13 INLET VARIABLE RAMP HEIGHT 
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3.6 ORIENTATION CONTROLS AND SEPARATION 

The total weight of the aircraft orientation controls and 
separation group is given by 


WORNT = WGIMBL + WACS + WACSTK + WAERO + WSEP 


WGIMBL 

WACS 

WACSTK 

WAERO 

WSEP 


where WGIMBL = gimbal system weight 

WACS » attitude control system weight 
WACSTK = attitude control system tank weight 
WAERO = aerodynamic control system weight 
WSEP = separation system weight 

Expressions for each component weight are given below. 

3.6.1 Gimbal System 

The gimbal (thrust-vector-control) actuation system is 
utilized on the aircraft configuration when a rocket engine 
is used for main impulse. The data in Figures 3.6-1 an 
3 6-2 is for an electrical system consisting of a silver- 
zinc primary battery, a d.c. electric motor and a gear tram, 
two magnetic partical clutches and ba.l screw actuators. 
Reference 1 also discussed a pneumatic actuation system. 

Both systems were competitive from a weight standpoint wi 
a slight advantage for electrical systems for the longer- 
operating times (=1200 seconds) and for all torque levels 


reUvercd Torque 

6,000 to 3,000,000 lh-in j 

Nozzle Deflection 

2 to 20 demr ;cs 

Nozzle Deflection Ita - 

5 to 25 do';]' 'cs/sccond 

Operating Tune 

50 to 1200 seconds 

Thermal Environment 

-<120 (o -i 100 F 

Acceleration 

2.5 to 35pf 


TABLE 3.6-1 GIMBAL SYSTEM PARAMETERS 


The system weight is expressed in parametric form as a 
function of delivered torque, maximum deflection rate of 
nozzle and operating time. The range of significant 
operational requirements and conditions for the data 
presented are given in Table 3.6-1. The system assumes 
pitch and yaw control for single engine and pitch, yaw and 
rol] control for multiple engines. The equation for delivere 

torque is 

TDEL = 750 * (TTOT/ENGINS/PCHAM) ** 1.25 
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FIGURE 3.6-1 GIMBAL SYSTEM WEIGHT - 20 /SEC 
DEFLECTION RATE 







where 


TDEL = gimbal system delivered torque, lb-in 
TTOT = total stage vacuum thrust, lbs (THRUST * 

ENG I NS * ACTR) 

ENGINS= total number of engines per stage 
PCHAM= rocket engine chamber pressure, psia 

The delivered torque calculation assunu?s a maximum nozzle 
deflection of 10 degrees. The calculated delivered torque 
is then used in the gimbal system weight equation which is 

WGIMBL = AC (55) * TDEL ** AC(110) + AC(56) 

where WGIMBL = weight of engine gimbal system, lbs 

TDEL = gimbal system delivered torque, lb-in 
AC (55) = gimbal system weight coefficient (intercept) 
AC (110)= gimbal system weight coefficient (slope) 
AC(56) = fixed gimbal system weight, lbs 

The weight coefficients AC(55) and AC(110) are obtained from 
Figures 3.6-1 and 3.6-2. The data in Figure 3.6-1 represents 
a gimbal system with a maximum nozzle deflection rate of 20 
degrees per second and Figure 3.6-2 is for five degrees per 
second. Both figures are for maximum deflections of 10 
degrees and operating times of 100 and 1200 seconds. When 
the airplane configuration utilizes airbreathing engines 
for main impulse, a gimbal system is not required. Directional 
control will be accomplished through the use of aerodynamic 
surfaces . 

3.6.2 Spatial Attitude Control System 

This subsystem includes the weight of the attitude control 
system which includes engines, valves, pressurant and 
residual propellants. It does not inc.ude the propellants 
and their associated tankage. 

The system includes 4-pitch, 4-yaw and 4-roll engines with 
each of the pitch and yaw engines having identical thrust 
levels, the thrust of the roll engines being half that of 
a pitch or yaw engine. All the engines are radiation cooled 
with a pitch and yaw thrust range from 30 to 100 lbs. The 
equation for attitude control system weight is 

WACS= AC (57) *WTO* * AC (58) +AC (59) + AC (114) *WENTRY * * AC ( 1 2 5 ) 

where WACS = weight of attitude control system, lbs 
WTO = qross weight, lbs 
AC ( 57) , AC ( 11 - ) =ACS weight intercept. 

AC (58) ,AC (Hi )=ACS weight slope 
AC (59)= fixed ACS system weight, lbs 

The weight coefficients AC (57) and AC (58) represents the 
intercept and slope, respectively, for the data shown in 
Figure 3.6-3. The curves in Figure 3.6-3 represent three 
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GROSS WEIGHT thousands of lb) 

FIGURE 3.6-3 ATTITUDE CONTROL SYSTEM WEIGHT 
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,. ffaron . c. i2e systems with total impulse ranges of 100,000; 

had 235,000 lb-sec as a comparative bases. 

3.6.3 Attitude Control System Tankage 

The attitude control system tankage weight includes the 
bladders, insulation, mounting, etc., but does not inc u e 
the propellants. The tankage system assumes storable 
monopropellants , helium pressurization and titanium tank 
material. The equation for attitude control system tankage 

weight is 


WACSTK « AC (64) * (WACSFU + WACSOX) + AC (65) 

,ere WACSTK = weight of attitude control system tankage, lbs 

VACSFU » weight of ACS fuel, l^s 
WACSOX = weight of ACS oxidizer, lbs 
AC (65) = fixed ACS tank weight, lbs 
AC (64) = ACS tank weight coefficient 


The weight coefficient AC (64) is 
to propellant weight. A typical 
is 0*10. 


a ratio of tankage weight 
predesign value for AC (64) 


3.6.4 Aerodynamic Controls 

The weight of this subsystem includes the total weight of 
the aerodynamic control system. It includes all contiol 
levers, push-pull rods, cables and actuators from the control 
station up to but not including the aerodynamic surfaces. 

It will also include the autopilot if it is not integral 
with the navigation system. This weight does not include 
the hydraulic/pneumatic system weight. The aerodynamic 
controls data for straight and swept wing aircraft has been 
separated from the delta wing aircraft data. The basic 
equation for aerodynamic controls system weight is 


WAERO=AC (6 0) *WTO**. 667* (ELBODY4-GSPAN) **. 25) **AC (111) +AC (61) 
+AC (122)* (WENTRY **.667* (ELBODY+GSPAN) ** . 25) **AC (123) 


where WAERO = weight o:: aerodynamic controls, lbs 
WTO = gross weight, lbs (WTOIN) 

ELBODY = body length, ft 

GSPAN = qeometri: wing span, ft 

AC (60) , AC (122) - aerodynamic control system weight 

coefficient (intercept) 

AC (111) f AC (123) = aerodynamic control system weight 

coefficient (slope) 

AC (61) = fixed aerodynamic control system weight, lbs 

The weight coefficients AC (60) and AC (111) are obtained from 
Figure 3.6-4. 
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AERODYNAMIC CONTROL WEIGHT, WAERO (It) 
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FIGURE 3.6-4 AERODYNAMIC CONTROLS WEIGHT 
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3, 6, 5 Separation System 

The separation system weight includes the system and attach- 
ments on the airplane for separating the two stages from 
each other. The eguation for the separation system weight 
is 

WSEP = AC (62) * WTO + AC (63) 

where WSEP = weiqht of separation system, lbs 
WTO = gross weight, lbs (WTOIN) 

AC (62)= separation system weight coefficient 
AC ( 63 ) = fixed separation system weight, lbs 

The coefficient AC (62) is a constant that will scale the 
separation system weight as a function of gross weight. 

If design data is not available, and it is assumed that 
the major loads are reacted by the booster, a preliminary 
design value of AC (62) = 0.003 may be used. 



3.7 POWER SUPPLY, CONVERSION AND DISTRIBUTION 


The total weight of the aircraft power supply, conversion 
and distribution group is given by 

WPWRSY = WELECT + WHYPNU 

where WELECT = electrical system weight 

WHYPNU = hydraulic/pneumatic system weight 

Expressions for each component weight are given below. 

3.7.1 Electrical System 

This subsystem includes the weight for the items required 
to generate, convert and distribute electrical power required 
to operate the various vehicle subsystems. Subsystems 
requiring electrical power are mainly electronics equipment, 
life support, environmental control equipment, liahts, 
heaters and blower motors. The electrical load varies with 
flight conditions and flight phase depending upon the 
demands of each subsystem. The electrical system data 
presented provides a preliminary weight representative of 
high speed fighter aircraft. 

Major components represented in the system weight are 
batteries and AC generators, transformer rectifier units, 
control equipment and power distribution system. The 
equation for electrical system weight is 

WELECT-AC (66) * (SQRT (W ’0) *ELB0DY** .25) ‘ *AC (112) +AC (67) 

+AC (126) * (SQRT (WENTRY) *ELB0DY** .25) **AC (127) 

where WELECT = weight of electrical system, lbs 
WTO = gross weight, lbs (WTOIN) 

ELBODY = body length, ft. 

AC (66) , AC (126) = electrical system weight coefficient 

(intercept) 

AC (112) , AC (127) = electrical system weight coefficient 
AC(67) = fixed electrical system weight, lbs (slope) 

The weight coefficients AC (66) and AC (112) are obtained from 
Figure 3.7-1. 
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3.7,2 Hydr aul ic/Pneuma t ic System 

The hydraulic/pneumatic system is comprised of the system 
components to produce fluid or pneumatic pressure, control 
equipment, storage vessels, hydraulic fluid and a distribution 
system up to but not including the various functional branches 
actuators, etc. The equation for hvdraul ic/oneumatic system 
weight is 


WHYPNU = AC (68) * ( (SWING+SHORZ+SVERT ) * QMAX/1000) 

** 0.334 + (ELBODY + STSPAN) ** 0.5 * TYTAIL) 
** AC (113) + AC (69) 4 - AC (128) *WTO + AC (129) 

* WENTRY 


where WHYPNU 
SWING 
SHOR2 
SVERT 
QMAX 
ELBODY 
STSPAN 
TYTAIL 


WTO 
WENTRY 
AC (66) 

AC (113) 

AC (69) 
AC (128) 

AC (129) 


- weight of hydraulic/pneumatic system, lbs 
= gross wing area, ft 2 

= horizontal stabilizer planform area, ft 2 
= vertical fin planform area, ft 2 
= maximum dynamic pressure, lbs/ft 2 
= body length, ft 

= structural span (along .5 chord, ft 2 
= type tail coefficient 
1.0 for conventional tail 
1.25 for delta planform 
1.5 for all moving horizontal and/or 
vertical 

= gross takeoff weight (WTOIN) 

= entry weight (calculated) 

= hydraulic/pneumatic system weight 
coefficient (intercept) 

= hydraulic/pneumatic system weight 
coefficient (slope) 

= fixed hydraulic/pneumatic system weiaht, lbs 
= hydraulic/pneumatic system weight 
coefficient (F(WTO)) 

= hydraulic/pneumatic system weight 
coefficient ((F (WENTRY ) ) 


The weight coefficients AC(68) and AC (113) are obtained from 
Figure 3.7-2. 
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3.8 AVIONICS 


s£ftem i0 ?h^ SyS !: em includes the guidance and navigation 
system, the instrumentation and the communications system. 

The guidance and navigation system includes those item<= 
necessary to insure that the vehicle position ‘and ItT 

Issignld^^rba^ Sy?tG T provides for a weight allocation 
ssignea to the basic instruments normally required for 

Kr S m^i?Sri„rfni^ f f the n ° r " al ^ ht „ f ^ ded 

wcf!!K 9 flight program. In addition to this basic 
tion functions r that n ma P °h Slble Iniss;irn oriented instrumenta- 

the instrumentation system is no, mail-.- p«t of a Ssion s?urt„ 
for a particular vehicle design and n,U‘sion rlquiSeK. ? 

The communication system weight allocation is for all equip- 
vImcK Ind a a r L t S. PrOVi ^ f ° r the ““-nication be?^ P 
withii^the^vehicle communication 

The equation for avionic .system weight is 


where 


WAVONC - AC (70) * WTO * * AC (114) + AC (71) 


WAV°NC - weigh of avionics system, lbs 
WTO = gross weight, lbs 

AC (70) = avionic system weight coefficient 

(intercept) 

I ? Vio T C s y stem weight coefficient (slope) 
“ fixed avionic system weight, lbs 


Fiau« I 8-1 ihfi ' 0) and AC,114 > are Stained from 

capabilitv with * r represents systems of advanced 
and ^58 typef Slgniflcant fire control capability (F-lll 


/ 


WEIGHT OF AVIONICS (lb) 



FIGURE 3.8-1 AVIONICS SYSTEM WEIGHT 













3.9 AIRCRAFT CREW SYSTEMS 


The crew provisions include the equipment and personnel 
environment control system, crew compartment insulation, 
personnel accommodations, fixed life support equipment, 
emergency equipment, crew station controls and panels. 

The equipment environmental control system is used to 
maintain the correct operating conditions for vehicle 
system equipment. The function of the personnel environmental 
control system is to provide an acceptable environmental 
condition for the crew. This includes temperature, atmosphere 
anc pressurization equipment and supports. The compartment 
insulation is required for controlling environment in con- 
junction with the overall active environmental system. The 
accommodations for personnel includes seats, supports, 
restraints, shock absorbers, ejection mechanisms, etc. The 
fixed life support system includes food containers, waste 
management, hygiene equipment, etc. The fixed emerqency 
equipment includes a built-in fire extinguishing system, 
life rafts, etc. The crew station control and panels is 
for installation of crew station flight controls, instrument 
panels, control pedestals and stands. 

The crew provisions are a combined function of gross weight, 
crew size and fixed weights. Therefore, the weight penalty 
may be represented by one equation and the various inputs 
collected and summed from Table 3.9-1. The equation for 
crew provisions weight is 


WCPROV = AC (74) * WTO + AC (80) * CREW + AC (75) 


where 


WCPROV 
WTO 
CREW 
AC (74) 
AC (80) 
AC (75) 


weight of crew provisions, lbs 
gross weight, lbs (WTOIN) 
number of crew members 
equipment ECS weight coefficient 
crew provisions weight coefficient 
fixed crew provisions weight, lbs 


75 


r 






3.10 DRY WEIGHT 


The dry weight consists of all the previous components as 
estimated but does not include design reserve or contingency. 
The equation used is 

WDRY = WSURF + WBODY + WTPS + WGEAR + WPROPU + WORNT 
+ WPWRSY + WAVONC + WCPROV 


where 


WSURF = 
WBODY = 
WTPS = 
WGEAR = 
WPROPU= 
WORNT = 
WPWRSY= 
WAVONC= 
WCPROV= 


Aerodynamic surface weight (3.1) 
body structure weight (3.2) . 

induced enviromriental protection (3.3) 
launch and recovery gear weight (3.4) 
propulsion system weight (3.5) 
orientation system weight (3.6) 
power supply vceight (3.7) 
avionics system weight (3.8) 
crew provisions weight (3.9) 
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3.11 DESIGN RESERVE (CONTINGENCY) 


in P u t for contingency and growth permits a proportion 
of dry weight and/or a fixed weight to be set aside for 
growth allowance, design unknowns, etc. 

This value for dry weight is then used in the equation for 
contingency and growth which is 

WCONT = AC (98) * WDRY + AC (99) 

weight of contingency and growth, lbs 
stage dry weight, lbs 
contingency and growth coefficient 
fixed contingency and growth weight, lbs 


where WCONT = 
WDRY 
AC (98) = 
AC (99) = 


3.12 EMPTY WEIGHT 


The empty v/eight of the aircraft is the estimated dry 
weight plus the design contingency. 

WEMPTY = WDRY + WCONT 

where WEMPTY = empty weight 

WDRY = dry weight (3.10) 

WCONT = design contingency (3.11) 


3.13 PAYLOAD 


This is the payload or cargo component, 
to the program. 


It is a fixed input 


WPAYLD - payload or cargo (input) 
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3.14 CREW AND CREW LIFE SUPPORT 


This section includes the crew, gear and accessories as 
well as the crew life support. The crew, gear and accessories 
include crew, constant wear and protection garments, pressure 
suits, head gear, belt packs, personal parachutes, portable 
hygienic equipment, maps, manuals, log books, portable fire 
extinguishers, maintenance tools, etc. The crew life support 
includes food, water, portable containers, medical equipment, 
survival kits, etc. The equation for crew and crew life 
support weight is 

WCREW = AC (72) * CREW + AC(73) 

where WCREW = weight of crew, gear, and crew life 

support, lbs. 

CREW = number of crew numbers 
AC(72)= crew weight coefficient 
AC(73)= fixed crew weight, lbs 

Typical values for the crew dependent weight is shown in 
Table 3.14-1. The input coefficient AC (73) is used for 
fixed crew life support weight. A typical input for AC (73) 
is shown in Table 3.14-1. This coefficient may also be 
used to input a fixed weight for crew and crew life support. 
When AC (73) is used for this purpose the coefficient AC (72) 
may be set to zero. 



AC(7?) 

AC(7n) 

Crew, Ccr.r zt.C Actc£i.orivs 
Crc Life 

220-?:<0 

2-5 ! 

25-50 


TABLE 3.14-1. TYPICAL INPUTS FOR CREW AND CREW 
LIFE SUPPORT 
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3.15 RESIDUAL PROPELLANTS 


oxidize^** propellant includes the trapped fuel and 


W RES ID = WFTRAP + WOT RAP 


where WRESID = residual propellant weight 
hFTRAP = trapped fuel weight 
KOTRAP = trapped oxidizer weioht 


3.15.1 Trapped Fuel 

The equation for trapped fuel weight is 

WFTRAP * AC (92) * WFUEL + AC(93) 
where WFTRAP - weight of fuel trapped in tank and lines, lb 


ranx and lin^ 

= werght^f^.ain impulse plus reserve fuel,' Ibi 

AC f 9 T ! - 3 rapped fuel ^ioht coefficient 
ac (93) - fixed trapped fuel weight, lbs 


A typical input value for AC(92) will vary from 0.005 to 0.03. 
3*15*2 Trapped Oxidizer 

The equation for trapped oxidizer weight is 
WOTRAP ■ AC (94) * WOXID + AC(95) 


WOTRAP - ’'■’eight of oxidizer trapped in tank and 
lines, lbs 

WOXID = weight of main impulse plus reserve 
oxidizer, lbs 

ACtosJ = oxid i= er . weight coefficient 

(-5) ^ixed trapped oxidizer weight, lbs 


A typical input value for AC(94> will vary fron 0.005 to 0.03. 
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3.16 LANDING WEIGHT 


The landing weight is calculated as 


WLAND = WEMPTY + WPAYLD + WCREW + WREID + WAGS RE 


where 


WEMPTY - emptv weight (3.12) 

WPAYLD = payload (3.13) 

WCREW a crew and crew life support (3.14) 
WRESID = main propellant residuals (3.15) 
KACSRE a attitude control system propellant 
residual s (3.16.1) 


3.16.1 Attitude Control System Residuals 


The attitude control system residuals are assumed to be a 
fraction of the total attitude control propellant. 

KACSRE « AC (115) * WACSP 

WHERE KACSRE = attitude control system propellant residuals 
WACSP - attitude control system propellant (3.17) 

AC (115)= ACS propellant coefficient 


3.17 ATTITUDE CONTROL SYSTEM (ACS) PROPELLANTS 


The attitude control system is based on a monopropellant system. 

The equations for ACS fuel and oxidizer weight are 

WACSFU - AC (90 * WENTRY + AC (97) 

WACSOX = WACSTU * OFACS 
WACSP = WACSFU + WACSOX 

where WACSP = ACS propellant 
WACSFU = ACS* fuel 
WACSOX = ACS oxidizer 
OFACS = mixture rating 
WENTRY = entry weight 
AC{96) = entry weight coefficient 
AC(97) = fixed ACS fuel weight 


3.18 ENTRY WEIGHT 

The entry weight is defined as the landing weight plus the 
attitudes control propellant 

WENTRY = WLAND + WACSP 

where WLAND - landing weight (3.16) 

WACSP = ACS propellant (3.17) 
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3.19 MAIN PROPELLANTS 

The main propellant is input to the program (WPMAIN) . 

The main impulse propellant components are 

WFUELM = WPMAIN/ (1. + OF) 

WOXIDM = WFUELM * OF 

where WFUELM = weight of main impulse fuel, lbs 

WPMAIN = weight of main impulse propellant, lbs. 
OF = main oxidizer to fuel mixture ratio by 

weight 

WOXIDM = weiaht of main impulse oxidizer, lbs 


3.20 RESERVE PROPELLANT 

Total reserves are the sum of reserve fuel and reserve 
oxidizer 

WPRESV = WFRESV + WO RES V 

The equation for reserve fuel weight is 

WFRESV » AC (84) * WFUELM + AC (85) 

where WFRESV = weight of fuel reserve, lbs 

WFUELM = weight of main impulse fuel, lbs 
AC (84) = reserve fuel weight coefficient 
AC (85) = fixed reserve fuel weight, lbs 

The equation for reserve oxidizer weight is 

WORESV = AC (86) * WOXIDM + AC(87) 

where WORESV = weight of oxidizer reserve, lbs 

WOXIDM = weight of main impulse zxidizer, lbs 
AC ( 8 6 ) = reserve oxidizer weic'.it coefficient 
AC v 8 7 > = fixed reserve oxidizer weight, lbs 

A typical input value for AC(84) and AC(B6) will varv fr om 

0. 01 to 0. 20. * 


3.21 INFLIUHT LOSSES 


The inflight losses are a function of the main rrorellant 
WP LOSS AC (116) * WPMAIN 


mu m 

i.'rept 


impulse propellant 
‘llant v'oefficient 
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where 


WPMAIN = 
AC i .1 1 h i -- 


3.22 TAKEOFF GROSS WEIGHT 


The takeoff gross weight is calculated in the following 
manner 


WTO = WENTRY + KPMAIN + WPRESV + WPLOSS 


where 


WTO 

WENTRY= 

WPMAIN= 

WPRESV= 

WPLOSS^ 


takeoff gross weight 
entry weight (3.18) 
main impulse propellant (3.19) 
reserve propellant (3.20) 
inflight propellant losses (3.21) 


-■ i i r » ; y t - ^ tf|( ~ ■ wAb & s - , - < - - ! jfiiil i tf 1 1 Hii Vffa n W < k \ | p ^« >- -^ *■? ^ ^ ^ ^ 
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4.0 USER INSTRUCTIONS 


This section provides instructions for usinq the WAATS 
program. It includes deck setup and a description of 
input and output. WAATS can be used in a stand alone 
manner or within the ODIN system. In the stand alone 
mode the user provides all weight coefficients and 
exponents, geometric data, areas, volumes and propellant 
requirements. The program computes the component weights 
in an iterative manner to satisfy the propellant require- 
ment. When used within the ODIN system, the geometric 
characteristics as well as weight coefficients may be 
computed in other programs and passed to WAATS through 
the ODIN design data base. 


4.1 DECK SETUP 


The program is stored on data cell and can be retrieved 
and executed in the following manner. 

JOB, 

USER, 

FETCH, A3983, SP RAO 2* BINARY. 

BN FILE * 

7-8-9 
$ INWAP 

(namelist data) 

$ 

7-8-9 

6- 7-S-9 

The v*edge number * is subject to change. The current number 
may be obtained from the ODIN data base manager • 

The namelist data includes the weight coefficients and the 
geometric characteristics described in Section 4.2. 

WAATS may also be used in the ODIN system. Any input may 
come from the data base and all component weights and 
summations are available to the data base. The deck setup 
for WAATS within an ODIN simulation is 

* EXECUTE WAATS 1 
$ INWAP 

(namelist data) 

$ 

7- 6-9 

The use of WAATS within the ODIN system assures the use of 
the most current production version of the program. 
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4.2 PROGRAM INPUT 

WAATS uses namelist input. Namelist is a standard FORTRAN 
feature. The rules are described in any good FORTRAN manual. 
The single namelist name for this program is: 

$INWAP (starting in column 2) 

Each input variable or array has a name and value (s). 

name = value , 
or 


name ® value , value. 


or 


name (I) = value, value, 

The namelist is terminated with a $ (dollar) in column 2 or 
greater. 

Table 4.2-1 defines the input variables and the computed values. 
The user need specify only these variables which require values 
different than shown in Table 4.2-1. 

Every input variable is not necessarily required for all vehicles. 
For example, a vehicle not having a turbo ramjet engine does 
not require input values for PHIGH and PLOW. 

A good procedure to follow in setting up a WAATS input deck 
is: 

1. Read through Section 3 to determine which component 
weights are going to be considered. The equations for 
each component are specified in detail. In most cases, 
the input requirements are given along with the equa- 
tion. The one exception is TTOT , total thrust, which 
is computed from input variables as follows: 

TTOT = ENGINES * THRUST * ACTR 

2. Specify the weight coefficients for the component 
weight equations selected. See Section 2,3 for using 
coefficients other than those presented in Section 3l 

AC (I) = XXX, 

3. Note which input variables are required for the selected 
weight components. The equations are given in Section 
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H A A T S 


INPUT DEFINATIUN 


INPUT 

NAME 

AC TR 

AICAPT 

ARATI J 

CkEw 

OH 

OM 

E L 0UOV 
ELNLET 
EL RAMP 
ENGINS 

fctmok 

GEUFCT 

uSPAN 

GO 

H8UDY 

ICRY 


I ENu 


ISHAPt 


OF 

OF ACS 
PCHAM 
PH I uH 

PLUw 

UMAX 

RE 

SBOUY 
SFAIK 
iFuT K 
SHORE 
SuXTk 
ST PS 


COMPILED UtFINATION 
VALUE 


1. 

0. 

60. 

2 . 

60000 
A. 5 
360 . 

0. 

0. 

22 . 

I. 

1. 

141 . 

32.17* 

20 . 

2 


1 


2 


6 . 

0. 

1000 . 

176. 

46. 

2500. 
20.42 Ec. 
32oQ0 . 

0. 

0. 

1. 

0. 

42300. 


thrust scaling factor 

TOTAL CAPTURE AREA OF INLETS l SU FT) 

ROCKET ENGINE AREA RATIO (AIRCRAFT) 

NUMBER OF CREW MEMBERS 
DESIGN ALTITUDE ,FT 
DESIGN MACH NUMBER 
BODY REFEPENCE LENGTH* FT. 

TOTAL INLET LENGTH, FT. 

TOTAL LENGTH OF RAMP, FT 
NUMBER OF ENGINES 
MACH NUMBER FACTOR 
GEOMETRICAL OUT OF ROUND FACTuk 
OEUMFTRIC WING SPAN ,FT 
ScA LEVEL GRAVITY, FPSS 
MAXIMUM BODY HEIGHT, FT. 

PkOPELLANT TYPE INDICATOR, 

ICRY * 1 NON - CRYOGENIC 
ICkY = 2 CRYOGENIC 

* 1 FOR ROCKET ENGINES 

= 2 FOR TURBORAMJET ENGINES 

* * 3 FOR AIRBREATHING, NON-TURBURaM JET ENG] 
SHAPE FLAG 

= 1 FOR BOOSTER-TYPE (NO WlNuS UK TAIL) 

* 2 FOP AIRCRAFT 

* j FOR LIFTING BODY 

* 4 FOR LIFTING I OOY ♦ WlNo 

UX10IZER TO FUEL MIXTURE RAT lu oY *ElG«T 
M.6 OXIDIZER TO FUEL MIXTURc KmTIu BY wElGHl 
KJCKET ENGINE CHAMBER PRESSukt 
TURBORAMJET ENGINE INLET PRESBuRc 

(UPPER DESIGN CURVE) 

TukBCRAMJET ENGINE INlET PRESSURE 
( LOWER DESIGN CURVE) 

MAXIMUM DYNAMIC PRESSURE, LB/ Ai- T 

EAkTF RADIUS, FT 

TuTAL BODY WETTED AREA, SU.FI. 

VUTAL FAIRING OR ELEVCN SURFmCc PLmHFUkM 

fuel tank wetted area, su. ft . 

TuTAL HORIZONTAL SURFACE PLANFOkM AkEA, Sw. 
JXIOIZER TANK WETTEC AREA, iw. fT. 

;pj AREA, SFT 


TABLE 4.2-1 WA ATS INPUT DEFINITION 
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S T S P Ai\ 

93.71 

s v tR r 

13B0. 

S * 1 mo 

11579* 

T A l>iK S 

2. 

THRUST 

470000 

TRO J T 

11.46 

tytail 

1*25 

VFUTK 

1 4^20 0 

VuaTk 

33100* 

wLANOI 

3.0 c6 

wPAYLu 

40000. 

WPMAIN 

4 *4 bo 

«TolN 

7.5 bo 

XlNLLT 

0* 

aLF 

j • 75 

«< Ak b F 

^ 22 • 7 


hlNG STRUCTURAL SPAN PER AIRPLMNt l A LUNv> ^0 
PckCENT CH 0 0 0 ) t FT 

TuT^L VERTICAL SURFACE PlANPukM AKlm» :>W*PT. 

theoretical wing area pef a a lan t , sc*ft. 

NUMBER np FUSELAGE FUEL TANKS 

thrust of one engine 

TMICKNESS at theoretical kuot 
T rPF T 4 T L COEFFICIENT 
VOLUME OF FUEL TANK, CU. FT* 
volume of oxioiZEK tank, Cu. ft. 

LANOING WEIGHT, LB (ESTIMATtJ 
*tIGHT OF PAYLCAO, LB. 

wEaGHT OF MAIN IMPULSE PRCPuLlmnT, lo 
TOTAL WEIGHT AT TAKE-CFF, Lo ULTIMATE) 
NUMBER OF INLETS 
hI.NG ULTIMATE LOAD FACTUR 
RlFERENCE ENGINE AIR FLOW ILo/ScC) 


WEIGHT TARES, COEFFICIENTS, AND EaPuNlNT s 


AC(l) 
AC l 2) 
AC ( 3 ) 
aC l <* ) 
aC( 5 ) 
AC ( 0 ) 
AC ( 7 ) 
ACIOi 
AC ( 9 i 
AC( 10) 
AC ( 1 1 ) 
AC 1 12) 
Aw(U) 
AC l in) 
AC (15) 
AC( lb) 
AC i 1 7 ) 
Ad IB) 
aCI i 9) 
AC l 20 ) 
AL ( 2 1 ) 
AC ( 22 ) 
AC( 23) 
AC ( 24) 
AC (25) 


0. 
0 . 
0. 
0. 
0 . 
0 . 
0 . 
0 . 
0 . 
0 . 
0. 
0 . 
0 . 
0. 
0 • 
0 • 
0 . 
0. 
0. 
0. 
0 . 
0 . 
0 . 
0 . 
0 . 


Hi WG WEIGHT COEFFICIENT 

UNIT WING WEIGHT 

FIXED WING WEIGHT 

UNIT VERTICAL WE IGHT 

FIXED VERTICAL WEIGHT 

UNI T HORIZONTAL WEIGHT 

FIXED h°R I ZONT AL WEIGHT 

Uis I T FAILING OR EL fc VON WEIGHT 

FIXED FAIRING OR VERTICAL 

NUT USED 

NuT USED 

nut used 

NuT USED 

UNI T RUDY WEIGHT COEFFICIENT ( «-(SoU0YJ i 
U.»IT BODY WFtGHT CUEFTICIENT l MSGUUY) ) 
FtXED RDOY WFIGHT 

UNIT SECONDARY STRUCTURE HEionl 
FIXED SECONDARY STRUCTURE Htionl 
THRUST STRUCTURE WEIGHT CCEFFlulfcNT 
FIXED THRUST STRUCTURE WEIGHT 
UNIT INSULATION WE IGHT 
UNIT COVER PANEL WEIGHT 
LAUNCH GEAR WEIGHT CCEFFIClfcNT 
FIXED LAUNCH GEAR WEIGHT 

LANOING GEAR WEIGHT CCEFF ICIttxI i MwluJ I 


TABLE 4.2-1 


WAATS INPUT DEFINITION (Cont'd) 


x' 
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AC(<.t>) 0. 

AC (27) 0. 

AC(28) 0. 

AC ( 29 ) 0. 

AC I 3D) 0. 

AC ( 3 1 ) Q . 

AC ( 32) 0 . 

AC ( 3 3 ) 0. 

AC ( i 4 ) U . 

AC ( 35 J 0. 

AC ( 3 o) 0. 

AC (37) 0. 

AC ( 38) 0. 

AC ( 39 ) 0, 

AC f 9 0) 0. 

AC (Cl ) 0. 

AC (42) U. 
AC (43) 0. 

AC (44) 0. 

AC ( 45 ) 0. 

AC (46) 0. 

AC (47) 0. 

AC ( 48 ) 0 . 

AC ( 4 9 ) 0. 

AC ( 50) 0. 

AC (51) 0. 

AC (5 2) 0 . 

AC ( 53 ) 0. 

AC (54) 0. 

AC ( 55 ) 0. 

AC ( 5 o ) 0. 

AC (57) 0. 

AC ( 58) 0. 

AC ( 5 9 ) 0 . 

AC(oO) 0. 
AC (61) 0. 

AC ( 62 ) 0. 

AC ( 63 ) 0. 

AC ( 64) 0. 

AC ( o 5 ) 0. 

AC ( 06 ) 0 . 

AC ( 6 7 ) 0. 


LAUDING GEAR HEIGHT COEFF ICit.\I ( F(wLANU) ) 
FIXED LANDING GEAR wEIGHT 

ROCKET ENGINE WEIGHT COEFFIcltM ( w/T ) 

ROCKET ENGINE WcIGHT COEFFICIENT 

N0 2ZLE E-XPCNENT 

riXED PPCKEI ENGINE WEIGHT 

turbo 0 am je t engine wEIoht ColfUcaeNT 

(LOWER DESIGN POINT) 

TURBO°AMJET ENGINE HEIGHT COEFFICIENT 
(LOWEP DESIGN POINT) 

TURBCRA^JET ENGINE wEIoHT CucFFIclcNT 
IUPPEP DESIGN POINT) 

TURBORAMJET ENGINE WEIGHT COeFF*C)cNT 
(UPP^p DESIGN POINT) 

FUEL TANK WEIGHT COEFFICIENT (NoN-aTRocTURaL ) 
FIXED FUEL TANK WEIGHT ( NCN-S Tkuc T uR AL ) 

OXIDIZER TANK WEIGHT CCtFFIClti.T (.«ON-STkuCTUKM 
FIXED OXIDIZEP TANK WEIGHT ( NuN-S I r\OCT URAL ) 

UNIT FUEL TANK INSULATION WtluhT 

FIXED FUEL TANK INSULATION wtluriT 

UNIT OXIDIZER TANK INSULATION wclOrlT 

FIXED OXIDIZER TANK INSULATIuc wEioHT 

FUtL SYSTEM WEIGHT COEFFICItNl ( F(THkUST) ) 

FUEL SYSTEM WEIGHT COEFFICIENT l FtwP) ) 

FIXED FUEL SYSTEM WEIGHT 

O' ) >T ZE° SYSTEM WEIGHT COEFfIcILNI ( F(ThRUST) J 
oX:*TZE° SYSTEM WEIGHT COEFFicltNT ( F(wF) ) 
Fix-0 OXIDIZER SYSTEM wEIGhT 

FUEL TANK PRESSURE SYSTEM WClonT COEFFICIENT 
OXIDIZER TANK PRESSURE SYSTcN mJ . CUcFFitlEuT 
FIXED PRESSURE SYSTEM WEIGHT 

inlet weight coefficient 

FIXED INLET WEIGHT 

GIMBAL SYSTEM WEIGHT COEFF Iclt.N : 

FIXED GIMBAL SYSTEM WEIGHT 
ACS SYSTEM WEIGHT COEFFICIENT 
ACS SYSTEM WEIGHT EXPONENT 
FiXFD ACS SYSTEM WEIGHT 

AERODYNAMIC CONTROL SYSTEM wLiohl COEFFICIENT 

FIXED AERODYNAMIC CONTROL SYoTtM wticfiT 

StPAR AT T ON SYSTEM WEIGHT COEFFICIENT 

FIXED SEPARATION SYSTEM WEIcHl 

ACS TANK WEIGHT COEFFICIENT 

FIXED ACS TANK WEIGHT 

ELECTRICAL SYSTEM WEIGHT COtFF.CltwT 
FlxED ELECTRICAL SYSTEM wEIuflT 


TABLE 4.2-1 WAATS INPUT DEFINITION (Con' ’d) 
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hydraulic system weight coefficient 

FIXED HYDRAULIC SYSTEM WEIGHT 
AVIONIC SYSTEM WEIGHT COEFFICIENT 
FIXED AVIONIC SYSTEM WEIGHT 
CREW WEIGHT COEFFICIENT 
FIXED CREW WEIGHT 

CREW PROVISIONS WEIGHT COEFFICIENT 
FIXED CPEW PROVISIONS WEIGHT 
FIXED VEHICLE INSULATION WEiOHl 
FIXED VFHIFLE COVER PANEL wticHT 
WING WEIGHT COEFFICIENT 
UNUSED 

CREW PROVISION WEIGHT COEFFICIENT 
BASIC BODY WEIGHT COEFFICIENT 
RAMJET ENGINE WEIGHT COEFFICIENT 
FIXED RAMJET ENGINE WEIGHT 
RtSERVE FUEL WEIGHT CCEFFICicNT 
FIXED RESERVE FUEL WEIGHT 
HtSEPVE OXIDIZER WEIGHT COEFFICIENT 
FIXED RESERVE OXIDIZER WEIGHT 
UNUSED 

VcRTICAL FIN WEIGHT COEFFICIENT 

HUkTZONTAL STABILIZER HEIGHT CUEFFICiENT 

FIXED TURBORAMJET ENGINE wEIohT 

TkAPPED FUEL WEIGHT COEFFICIENT 

FIaED TRAPPED FUEL WEIGHT 

TRAPPED OXIDIZER WEIGHT COEFFICIENT 

FIXED TRAPPED OXIDIZER WEIGHT 

ACi FUEL WEIGHT COEFFICIENT 

FIXEC ACS FUEL WEIGHT 

CONTINGENCY WEIGHT CQErF I C ItNT 

FIXED CONTINGENCY WEIGHT 

landing gear weight coefficient f(»tu) 
engine MOUNT weight coefficient 
FIXEC ENGINE MOUNT WEIGHT 
n! COEF FOR FUEL DISTRIBUTE SYSTtM 
FlxED INTERNAL DUCT ncIGHT 
I qqcf FO c VARIABLE RaMPS, muJdmTuRB ♦ 

«T C.OFF FOR VARIABLE RAMPS, AcTuaTuRS ♦ CONTRuL 
FIaED WT OF VARIABLE RAMPS, MbUiATukS ♦ OuNTRuL 
SPIKE WEIGHT CCEFFICIENT 
b i M B A L SYSTEM WEIGHT CCEFFIbltM^ 

AlROC<NAMIC CONTROL SYSTEM wcibHi bbcFFiblENT 

ELcd-ICAL SYSTEM WEIGHT CCcFF lb 1 E .<T 

HYDR MJl T C/PNF'JMAT I C SYSTEM *tlunl ^UEFFIdtNT 


TABLE 4.2-1 WAATS INPUT DEFINITION ICont'd) 
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4 . set up the input deck according to Section 4.1. 

a 4 .h 0 flat-a setup is exactly as 
B dfta may he replaced with 

ODIN data base names. 

name = 'ODIN name', 


a 

name (I) = 'ODIN name'. 

An example "^ht be the^as^where 

Klred “nihrSta Pane as J^^SEt^irTSeET 

SEE St ISS* tS"wSS. d o? Educed environmental 
protection, Section 3.3 would be 

STPS = 'AWTPS ' , 

AC (21) - ' TPSUW ' , 

in a similar example where the ° f thlTwAATS 1 input would 

evaluated elsewhere and stored as vwt's, 

be 


Ac (22) = ' WTPS ' , (see Section 3.3, 


This permits weight components computed elsewhere to be 
summed in WAATS. 
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4.3 


PFcOGFAM OUTPUT 


The program has several forms of output. An example namelist 
input is printed as shown in Table 4.3-1. The non-zero weight 
coefficients are printed as exemplified in Table 4.3-2. Some 
pertinent design data is printed as shown in Table 4.3-3. A 
output weight statement is exemplified in Table 4.3-4. Finally, 
the ODIN output list of all the component weights is available 
on a file called NMLIST . This fi’e is used by the ODIN system 
to communicate information to the data base. The ODIN names 
and descriptions are presented in Figure 4.3-5. 


UNWAP 


THRUST 

a O.A7E<-06» 

1 SHAPE 

* 2, 

CREW 

= 0.2E+01, 

ACTR 

* 0. iEt-01. 

l ENG 

= 1» 

PCHAM 

= O.lE+04, 

OM 

a 0* A5E + 0I r 

OH 

a 0.6E+05, 

WAREF 

= 0. 1227E>03, 

PHIGH 

a 0.176E+03, 

PLOW 

a 0.A6F+-02* 

TANKS 

= 0» 2E ♦01 » 

XINLET 

a 0.0, 

WPKAIN 

a 0. *»AE + 0 7 , 

OF 

= 0.6EOI, 

WTO IN 

a 0.7E^0 7, 

OF ACS 

o 

• 

o 

II 

XLF 

= 0.375E«Ol. 

STSPAN 

a 0.9371 E*02, 

SWING 

a 0. 11579E *-05 

troot 

a 0. 1146E^02, 

SVERT 

= 0.136E^0A, 

SHORZ 

a 0. 1EOI* 

QMAX 

a 0.25E*0A, 


9 3 


TABLE 4.3-1 NAMELIST INPUT PRINTOUT 


it* — rt-" ii^-V |J 


s fa rn 


ARATIO = 0.8E4-O2, 


VRJTK 


VOX TK 


SFUTK 


SOX TK 


C. 1432 E + 06 , 
0. 53 IE 4-05 , 


ElBODY = 0. 35E+03 , 

El R AMP = n 


A I CAP! 


elnlet = 0.0, 

fctmok = O.IE+Ol, 

GEOFCT = 0. 1 E+0 l , 

GSPAN = 0.1ME+03, 

TYTAtL = 0. 125E+01, 

ST p S « 0.423E+05, 

S BOD Y = 0.328F+05, 

WPAYIO = 0.4E+05, 

HBODY * 0.2E+02, 

ENGINS = 0.22F4-02, 

G0 = 0. 32 L 74049F4-02, 

RE = 0.20920024E+03, 


WLANOI * 0. 9E *06, 


TABLE 4.3-1 NAMELIST INPUT PRINTOUT (Confd) 


I 


non-zero WEIGHT COEFFICIENTS 


ACC 4) = 
AC I 14) = 
AC I 19) = 
AC( 21 > = 
AC ( 26) = 
AC ( 2 R) = 
AC C 29) = 
AC ( 30) = 

AC < 31) = 
AC ( 44) « 

AC ( 45) = 
ACC 47) = 
ACC 48) = 
ACC 71) = 
ACC 73) = 
ACC 75) = 
ACC 841 = 
ACC 85) = 
ACC 86) = 
ACC 89) = 
ACC 92) = 
ACC 9 4) = 
ACC 98) = 
ACC l 02 ) = 
ACC 115) = 
ACC 116) = 

AC C 1 1 7) = 

ACC 118) = 
AC ( 1 2 l ) = 
ACC 122) = 
ACC 12 3) = 
ACC 124) = 
ACC 12 5) = 
ACC 126) = 

ACC 127) = 
ACC 129) = 
ACC 130) = 
ACC 132) = 
AC Cl 34) - 


4.2000000 
1.2378000 
4.00000000E-03 
2.3000000 
9.1 6000000E -03 
7.60000000E-03 
3.30000000E-04 
.50000000 

700.00000 
2.20000000E-03 

.50000000 
4. 30000000 E- 03 
.50000000 

6600.0000 

1330.0000 

2675.0000 
4.00000000E-03 

.50000000 
4.00000000E-03 
1 . 1 000000 
7.50000000E-03 
7. 5000000 OE- 03 
.12000000 
l. 00000000 E- 04 
1 .5 0000000E-02 
4. 0000000 OE- 03 

2400.0000 
.58400000 
1.1240000 
.33400000 

1.0000000 

I . 3 7500000 E-0 2 

l . 0000000 
.10950000 
1. 4425000 
1 . 14000000 E-0 2 
.63700000 
.53400000 
5.00000000E-02 



TABLE 4.3-2 NONZERO WEIGHT COEFFICIENTS 
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DESIGN DATA 



WETTED AREAS 

GROSS BODY 32800.00 

FUEL TANKS 0.00 

OXIDIZER TANKS 0.00 

PLAN AREAS 

WING 115 79. 00 

VERTICAL SURFACES 1380.00 

HORIZONTAL SURFACES I. 00 

FAIRING OR ELEVON 0.00 

TPS SURFACE AREA 42300.00 

DIHENS I ONAL DATA 

WING GEOMETRIC SPAN 141.00 

WING STRUCTURAL SPAN 93.71 

WING THICKNESS AT THEORETICAL ROOT 11.46 

TOTAL INLET CAPTURE AREA 0.00 

TOTAL INLET LENGTH 0.00 

BOOY LENGTH 350.00 

BOOY HE IGHT 20.00 


TABLE 4.3-3 DESIGN DATA 


78483 


AEROOYNAMIC SURFACES 
WING 

vertical surfaces 
horizontal SURFACES 

F A l R l NG S 

BODY STRUCTURE 

BASIC BOO Y STRUCTURE 


66540 

11943 

0 

0 

201534 

40600 


SECONDARY STRUCTURE 
THRUST STRUCTURE 

integral fuel tanks 

INTEGRAL OXYOIZEP TANKS 


0 

41360 

91218 

28355 


INDUCED ENVIRONMENTAL PROTECTION 

‘vehicle INSULATION 


launch and recovery 
launch gear 
lanoing gear 


PROPULSION 

rocket engines 

AIR8RF A THING FNGINFS 

NON-STRUCTUPAL FUEL CO qqmt AIN ER 

non-structural OX due r ccn 

FUEL TANK INSULATION 
OXIDIZER TANK INSULATION 
FUEL SYSTEM 
OXIDIZER SYSTFM cv , rFH 

PRESSURIZATION SYSTEM 

f Ml P T S 


97290 

97290 

0 

41341 

0 

41341 

19 3098 

125538 

0 

0 

0 

0 

0 

22923 
446 3 7 
0 
0 


TABLE 4.3-4 


WEIGHTS STATEMENT 
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26457 



1:1 


ORIENTATION CONTROL SYSTEM 
ENGINE GIMBAL SYSTEM 
ATTITUDE CONTROL SYSTEM 
AERODYNAMIC CONTROLS 
SEPARATION SYSTEM 

ATT ITUOE CONTROL SYSTEM TANKAGE 

POWER SUPPLY 

ELECTRICAL SYSTEM 
HYDRAULIC/PNEUMATIC SYSTEM 

AVIONICS SYSTEM 

CREW PROVISIONS 
VEHICLE DRY WEIGHT 

DESIGN RESERVE (CONTINGENCY! 

EMPTY WEtGHT 

PAYLOAD 

CREW 

RESIDUAL PROPELLANT 
TRAPPED FUEL 
TRAPP EO OXIDIZER 
LANDING WEtGHT 


0 

12055 

14402 

0 

0 

27499 

17505 

9995 

66 00 

2675 

674976 

80997 

755973 


40000 

1330 

33132 

4733 

28399 

831093 


( 

k r "'i 

f $ 
hi 



ACS PROPELLANT 
FUEL 

OXIDIZER 

entry weight 


43836 

0 


43336 


874928 



main propellants 

FUEL 

OXIDI ZER 

RESERVE PROPELL ANT 
FUEL 
OX IDIZER 
INFLIGHT LQSSFS 


GROSS WEIGHT 


TABLE 4,3-4 WEIGHTS STATEMENT 


4400000 

628571 

3771429 

17600 

2515 

15086 

17600 


5310129 


(Cont’d) 
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J U 1 N 0 U T P 


OEFINaTIuN 


C 


Mm I Nu 

0 . 

mSUkF 

0 . 

m V cr\ T 

0 . 

mHURA 

0 • 

mF a I r 

0 . 

mb Gt> Y 

0 * 

rt dAS 1C 

0 . 

*S tC ST 

0 . 

w T His ST 

0 . 

mTPS 

0 . 

m! NS Ul 

0 . 

mCOV ER 

0 . 

n^tAR 

0. 

mLANCM 

J • 

mlg 

0 . 

*PkGPU 

a. 

WhENGS 

0 • 

wAbtNG 

0 • 

mFiJNCT 

0 . 

wUXCNT 

0 . 

wlNSFT 

0 . 

mInSOT 

0 . 

mFuSV S 

0 . 

MUXSYS 

0 * 

mphsys 

0 . 

m1 NL ET 

0* 

muRnT 

0. 

MuIMBL 

Or 

MACS 

0 

mAERQ 

0 . 

mSEP 

0 . 

mAC s t k 

0 . 

mPmRSV 

0 . 

mELcCT 

0 . 

Mrl YPi\U 

0 . 

mAVUNC 

Or. 

mCPRUV 

0 . 

WDRY 

0 . 

wCUUT 

0 . 

mCREM 

0 . 

MP AY LO 

0 . 

mRESIU 

0 . 

mFTRAP 

0 * 

mUTRAP 

0 . 


U T 

TuTAL WING WEIGHT, LB 

TuTAL AERODYNAMIC SURFACE WtionT, LB 
VEkTICAL STABILIZER WEIGHT, Ld 
HUkIZONTAL STABILIZER WEIGHT, LB 
TuTAL AERODYNAMIC FAIRING wtlunT, lB 
TOTAL BODY WEIGHT, LB 
oASIC BODY STRUCTURAL nEIGHT, lo 
Bul-Y SECONDARY STRUCTURE wEIohl, LB 
BUDY THRUST STRUCTURE, LB 

InuUCED ENVIRONMENTAL PRCDECIiuN B*STcM wtlGHT , LB 
EPS INSULATION WEIGHT, LB 
EPS COVER WEIGHT, LB 

LAUNCH AND RECOVERY GEAR wEioHT, La 

LAUNCH GEAR WEIGHT (MwTO)>, Lo 

LANDING GEAR WEIGHT l F( WLANu) 1 , LB 

TOTAL PROPULSION SYSTEM WEIGHT, Lb 

RulKET ENGINE WEIGHT, LB 

aIRPREATHING ENGINE WEIGHT, Lb 

NUN-STRUCTURAL FUEL CCNTAINei\«wtIuHT, LB 

NUN-STRUCTURAL OXIOIZER CCNTAlNtR WtlGHT, LB 

fuEL TANK INSULATION WEIGHT, lbS 

OXIDIZER TANK INSULATION WEloHT Lb 

FutL SYSTEM WEIGHT, LB 

OXlDIZEP. SYSTEM WEIGHT, LB 

PRESSURIZATION SYSTEM WEIGHT, LB 

InlET WEIGHT, LB 

ORIENTATION CONTROL SYSTEM *cionT,LD 
ENGINE GIM8AL SYSTEM WEIGHT, lo 
ATTITUDE CONTROL SYSTEM WEIGHT, Lo 
AcbOCYNAMIC CONTROLS WEIGHT, Ld 
SEPERAT t ON SYSTEM WEIGHT, Lb 

ATTITUDE CONTROL SYSTEM TANnAul wtiuttT, Lb 

PuwER SUPPLY WEIGHT, LB 

ELECTRICAL SYSTEM WEIGHT, LB 

HYuPAULI C/PNEUMATIC SYSTEM wtiuhl, LB 

AViONKS SYSTEM WEIGHT, LB 

CRtW PROVISIONS WEIGHT, LB 

VEHICLE OPY WEIGHT , LB 

OtblGN RESERVE (CONTINGENCY) wtIGnf* Lb 
CREW WEIGHT, LB 
PAYLOAD WEIGHT, LB 
RtSIDUAL PROPELLANT WEIGHT, lb 
TRmPPED FUEL WEIGHT, LB 

Trapped oxidizer weight, lb 


TABLE 4.3-5 


ODIN OUTPUT INFORMATION 


3 
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WACSP J. 
WAC S F u U . 
WACSGX 0. 
■PRtSV 0. 
■FRESV 0. 
■ORESV 0. 
WPMAIN j. 
wFUtLM 0. 
•<0X1 OH j. 
WTU 0. 
wlNFuT 0 . 
ninuxt o. 

WENuMT o. 
■PPUMP o. 

■disti o. 
WSPlKt 0. 

■ FUEL 0. 
WOXiL) 0. 
■FuTJT 0 . 
WOATOT 0. 

0. 

WDI ST2 0. 
■FCONT 0. 
WREFUL o. 
wdkans r». 

WACSRZ 0. 
WPlCSS 0. 
■ENTRY 0. 
USEAL o. 
WlOUCT 0. 
WVRAMP 0. 
■EMPTY 0. 
WUPMTV 3. 
WLaNU o. 


L 6 


Lo 


LO 


ENoi Nfc « 


AUS PROPELLANT WEIGHT, L 

ac5 fuel weight, lb 

Aoi, OXIDIZER WEIGHT, Lti 
RtS E R V c PROPELLANT, LB 
RcSFSV? FUEL WEIGmT, LB 
RESERVE OXIOIZER WEIGHT, 

MAiN PROPELLANT WEIGHT, LB 
MAIN FUEL WEIGHT, LB 

main oxioizep weight, lb 
Calculated take-off weight. 

Integral fuel tank wE'ght, lo 
InTEGPAL OXIOIZER TANK wEIGhT, 

EixuIKE MOUNT WEIGHT, LB 
Fuel. PU“P WEIGHT, LB 
Fuel DISTRIBUTION, RESERVCIh. To 
Inlet spike we :ght, lb 
main plus RESERVE FUEL, LB 
MAIN PLUS RESERVE OXIOIZER, Lo 

I°I* L FUEL (INCL * "FTRAPJ, co 
TuTAL OXIDIZER (INCL. WOTRAP,, Ld 
TuiAL PROPELLANT (INCL WPAESv ^NU ,rtK, 
f°p, L °J^ RIeuTI °N, INTERTaNn, lo 

Fuel system controls wlight, lo 
refueling system weight, lb 

dump and DRAIN SYSTEM WEIGHT, L h 

ATTITUDE CONTROL SYSTEM PROPcLLaNT RESekl 

INFLIGHT PROPELLANT LOSSES, Lo 

REENTRY WE.GHT, lb 

SEAL! G WE/GHT, Ld 

INTERNAL DUCT WEIGHT, LB 

Inlet variable ramp weight, 
empty weight, lb 
OPERATING weight empty, lb 
lancing weight, lb 


Lb 


TABLE 4.3-5 


ODIN OUTPUT INFORMATION 


(Cent 1 d) 


s’ 


Lb 


f L 
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on ooooono o nno 


APPENDIX A - WAATS PROGRAM LISTING 


PROGRAM A 39 83 (INPUT=1001, OUTPUT =100 1 , NMLIST=1001, 

* TAPF5= IN p UT, T A PF 6 =0 UTPUT , TAPE T8= NML I ST I 

CnMMHN /CflMON/ C(100) 

COMMON /WTS/ W(IOO) 

COMMON /ACOFF/ A C I 1 5 0 » 

WEIGHTS analysis for advanced transportation system 

CALL BLKDAT1 
CALL NPUT 
CALL MASS 
CALL PR IN T A 
CALL PXIT 

F NO 

SUBROUTINE ATMOS! IMV) 

19ft? ATMOSPHERE 


ALTITUDE MUST BE LESS THAN 299500 FT. 

************* START C OH MON t***'**************************** 
COMMON / COMON / cm 
EQUI V ALENCE ( C( 5!* I » GO ) 

EQUIVALENCE (Cl 54), RF I 

EQUIVALENCE (Cl 511, CMT ) 

EQUIVALENCE (C( 52), CH T I 

COMMON/ ATMOUT/T ALT , PA LT ,DTfTH, QOvG,RHO,THETA,RTHETA,OELTA 
l ,R FNO, AMU 

************* p nd COMMON ♦ + ******************#*********' 1 *'* 

OATA AK /.3048 / 

DATA CHTl, VI, CMTl / 3 *- t . / 

OATA Cl / .09389492331 / 

C Cl 28.9664 * 144. /( 1545.31 * GO) 

C 

C ALM a MOLECULAR SCALE TEMPERATURE GEOPOTENTIAL GRADIENT 

C BH = GEOPOTENTIAL ALTITUDE 

C P = PRESSURE (METRIC UNITS) 

C PB = PRESSURE (METRIC UNITS) AT BASE OF LAYER 

C PSL = SEA LEVEL PRESSURE (METRIC) 

C TMR = TEMPERATURE AT BASF CF LAYER 

C TMPB = TEMPERATURE (METRIC UNITS) 

C TSL = SEA LEVEL TEMPERATURE (METRIC UNITS) 

C 

C INPUTS TO THIS SUBROUTINE 

C CMT = MACH NUMBER 

C CHT = ALTITUDE, FEET 

C OUTPUTS FROM THIS SUBROUTINE 
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C OELT A S PRESSURE RATIO 

C OTOH = 

C GO = ACCELERATION DUE TO GRAVITY 

C PALT = PRESSURE (ENGLISH UNITS) 

C 00 = DYNAMIC PRESSURE 

C RHO = DENS IT Y 

C RTHETA = SQUARE ROOT OF TEMPERATURE RATIO 

C TALT - TEMPERATURE (ENGLISH UNITS) 

C THETA = TEMPERATURE RATIO 

C V = VELOCITY 

C 

C ***** I MV = L V KNOWN, OETERMINE “ACH IN ATMOS 
c ***** I MV = 2 MACH KNOWN, DETERMINE V IN ATMOS 

c 

I F ( CH T-C HT L )60»20»60 
20 GO TO ( 30,40) , I M V 
30 IF! V-Vl )60, 310, 60 
40 IF( CMT-CMTl 160,310,60 
60 CONTINUE 
VI = V 
CMT1 = CMT 
C HT l = CH T 
JSWA = l 

G = GO * IRE /IRE *CHTn**2 

HK * AK * C HT 

8H = REMTR*HK/( REMTR+HK ) 

IF ( 8H +■ 3 000. ) 300,300,90 
90 IF(BH -11030.) 200,100,100 
100 IF( 8H-20000. )210 ,1 10, 1 10 
110 I F( BH-32000* >220, 120, 120 
120 IFIBH-47000.) 225, 130, 130 
130 I F< 8H-52000.I 230, 140, 140 
140 IFIBH-61000.) 240,150,150 
150 IF(BH- 7900. .1245,250,250 
200 HB = 0. 

ALM = -.0065 
PB = 760. 

T MB = 288. 15 
GO TO 260 
210 HB = 11000. 

ALM = 0. 

PB = 169.79 
TMB = 216.65 
JSWA = 2 
GO TO 260 
220 HR = 20000, 

ALM = .001 
PB = 41. 06 ' 9 
TMB = 216.65 
GO TO 260 
225 HB = 32000. 
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At. 1 * = . 00? 8 

PB = 6.5106* 

TM3 = 228.65 
GO TO 260 
230 HR = *7300. 

ALM = 0. 

J SWA = 2 
PR = .831859 
TMB = 270.65 
GO TO 260 
2*0 H 8 = 52000. 

ALM = -.002 
PR = .**25* 

T MB = 2 70.65 
GO TO 260 
2*5 HB * 61000. 

AIM = -.00* 

PB = .136585 
TMB = 252.65 
GO TO 260 
250 HR = 79300. 

ALM = 0. 

J SWA = 2 
PB = .007783* 

TMB = 180.65 
260 PSL = 760. 

T5L = 288.15 

TMPR a TMB + AIM * (RH-HB1 
GO TO (270,280) , JSWA 
270 EX = .03*163195/ALM 

P = PR * ( TMB/TMPB) **EX 
GO TO 290 

280 EX = (-.03*163195 * (8H-H8I I / TMB 
P = PB*EXP( EX ) 

290 DELTA = P/PSl 

THETA = TMPB/TSL 
RTHFTA = SORT (THETA 1 

TMP A = ALM* ( (REMTR**2*AK ) t ( RF MTR *-HK ) ** ? ) 

PTOH = TMP A/ ( 2.*TM?R ) 

GC TO (291,2«2) ,IMV 
29 i C M T = V /(U16.89 * RTHETA) 

GO TO 293 

292 V = 1116.69* RTHETA *CMT 
2 93 CONTINUE 

00 = 1*81 .«■ DEL TA*CMT**2 

PALT = P*. 0193385 
T ALT = TMPR * 1.8 
PHO = Cl*PALT/rALT 

AMU = l.*56E-06 * Tmpr * SORT ( T MPR ) /( TMPR 1 10.*) * 7.2330137 
R FVO = RHO * V ! A v U 
GO TO 310 
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300 IERR * 1 

PRINT 1000. CHT 
310 RETURN 

C 1000 FORMAT (13H0015 ALT ITUDE , E15.T, 17HFT. , IS NEGATIVE I 
END 

SUBROUTINE BLKDATl 


************* START COMMON * 
COMMON / WTS/ win 
CO M MON /ACOEF / AC (1501 
COMMON /COMON/ C (1 ) 
EQUIVALENCE (CC l). NR 
EQUIVALENCE (C( 2 I. THRUST 

EQUIVALENCE (C( 31. ISHAPE 

EQUIVALENCE (C( 4 ) » CREW 

EQUIVALENCE (C( 51, NW 

EQUIVALENCE ICI 6», AC TR 
EQUIVALENCE (C( 71, I ENG 

EQUIVALENCE (C< 8), PCHAM 

EQUIVALENCE (C< 9), OM 

EQUIVALENCE ICI 10*, OH 
EQUIVALENCE (C( 11), WAREF 

EQUIVALENCE (C( 13), C23 

EQUIVALENCE ICI 14). P HI GH 
EQUIVALENCE (C( 15), PLOW 

EQUIVALENCE (C( 16), TANKS 

EQUIVALENCE ICI 17), XINLET 
EQUIVALENCE ICI 1R), WPMAIN 
EQUIVALENCE ICI 19), OF 
EQUIVALENCE ICI 20), WTPIN 
EQUIVALENCE ICI 21), 0«=ACS 
EQUIVALENCE ICI 22), XLF 
EQUIVALENCE (Ct 23), STSPAN 
EQUIVALENCE ICI 24), SWING 
EQUIVALENCE ICI 25), TROOT 
EQUIVALENCE (C( 26), SVERT 

EQUIVALENCE ICI 27), SHORZ 
FQU IV ALENCE ICI 28), QM AX 
EQUIVALENCE ICI 29), SFAIR 
EQUIVALENCE ICI 30), ARATIO 
EQUIVALENCE (Cl 31), VFUTK 
EQUIVALENCE ICI 32), VOXTK 
EQUIVALENCE ICI 33), SFUTK 
EQUIVALENCE (Cl 34 1, SOXTK 
EQUIVALENCE ICI 35 ), FL30DY 
EQUIVALENCE ICI 361, ELRAMP 
EQUIVALENCE ICI 37 ), AICAPT 
EQUIVALENCE ICI 38). EL NL E T 
EQUIVALENCE ICI ’9), C13 
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EQUIVALENCE <C( 60 » , 
EQUIVALENCE (C ( *1) . 
EOU IV ALENC C ( C < 62 I , 
EQUIVALENCE t C t A3), 
EQUIVALENCE (C( 66), 

EQUIVALENCE ( C( 65), 
FQU IV ALEnCE ( C( A6 I , 
EQUIVALENCE I C ( A7», 

EQUIVALENCE ICC A9 ) , 
EQUIVALENCE (C( 531, 

EQUIVALENCE IC( 5A) , 
EQUIVALENCE (Cl 551, 
EQUIVALENCE Id 56), 
FOUIVALENCE (C( 57), 

******* ****** END 


FCTMOK ) 

GEOECT ) 

GS p AN I 
TYTAIL ) 

STPS ) 

SROOY ) 

WPAYLD I 
HBOQY ) 

ENG I NS ) 

GO ) 

RE ) 

I CRY ) 

NOO l N ) 

WLAND! * 

COMMON ********> 


DATA STATEMENTS 

OATA PI » RTOD, FPNM , GO/ 3. 161 59265, 57.29578, 6076.1033, 32.17A0A9/ 

DATA C l 3 , C23 / .333333333 , .666666667 / 

DATA RAD / .017A5329 / 

DATA RE / 2092002A. / 

DATA PHIGH, PLOW / 176., 46. / 

DATA TANKS, GEOECT, ECTMQK, ELRAMP, DM, PCHAM, TYTAIL, IENG/ 

1 1., 1., 1.* 0., 6.5, 1000., 1.25, 2 / 

OATA WAREE, OH / 122.7, 60000. / 

DATA CREW, WPMAIN, OE , OFACS, XLF, TROUT, ARATIO / 

l 1., 0., 0., 2., 6., 1.5, 0. / 

DATA HBODY, ELRODY, VOXTK, SOXTK, VFUTK, SFUTK / 6*0. / 

DATA GSPAN, STSPAN / 0., 0. / 

DATA A I CAP T , ELNLFT, XINLFT / 0., 0., 0. / 

DATA I SHi 0 E / l / 

AC TR = 1. 

ENG INS = l. 

I CRY = 2 
ITHRST = 3 
NODI N = 78 
NR = 5 
NW = 6 

P T 2 = 3000. 

QM AX = 1500. 

S80DY = 0. 

SFAIR = 0. 

SHORZ - 0. 

STPS = 0. 

SVERT = 0. 

SWING = 500. 

TANKS = 1. 

THRUST = 0. 

WLANOI = 0. 

WPAYLO = 0. 
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WT0IN * 0. 
no UO 1 = 1* 150 
AC( U =0. 

no continue 

00 130 1=1,100 
W( I I = 0. 

130 CONTINUE 
RETURN 
ENO 

SUBROUTINE MASS 

c 

c AIRPLANE MASS PROPERTIES SUBROUTINE 

C 

c ************* sta^t common **************** 

COMMON /ACOFF/ AC (1501 
COMMON /comon/ C ( 1) 


EOU I V ALE NCE 

i ci 

2 > • 

THRUST 

EQUI VAL ENCE 

(C< 

3 ), 

ISHAPE 

FOU I VALENCE 

(C( 

4) t 

CREW 

EQUIVALENCE 

c c t 

51 t 

NW 

EQUIVALENCE 

(C( 

6 ) i 

AC T R 

EQUIVALENCE 

<C( 

7). 

IENG 

EQUIVAl ENCE 

(C( 

8) ♦ 

PC HA M 

EQUI VALENCE 

id 

P ) t 

DM 

FQU IV Al ENCE 

(C( 

10) r 

DH 

EQUIVALENCE 

(C< 

11 ) • 

WAR EE 

EQUIVAL ENCE 

( C( 

13 ) t 

C23 

EQUIVALENCE 

t C ( 

14) t 

PHIGH 

FQU IV ALENCE 

c c c 

IS ) , 

PLOW 

EQUIVALENCE 

<c< 

16) t 

TANKS 

EQUIVALENCE 

( C( 

17), 

XI NLF T 

EQUI VAL ENCE 

<C( 

18 ) t 

WPMA I N 

EQUIVALENCE 

(C( 

19 1 , 

OF 

EQUIVALENCE 

<C( 

20) , 

WTO I N 

EQUIVALENCE 

( C( 

21 )t 

OF ACS 

EQUI VAL ENCE 

lf.( 

?? 1, 

XLF 

EQUIVALENCE 

(C( 

23) f 

STSPAN 

EQUIVALENCE 

(C ( 

24) , 

SWING 

EQJ IV ALENCE 

(C ( 

2 S ) , 

TROOT 

EQUIVALENCE 

( C ( 

26 ), 

SVERT 

EQUI VALENCE 

l c c 

27) . 

SHORZ 

EQUIVALENCE 

id 

28 1 t 

QMAX 

EQU IVALENCF 

(C( 

2 ^ J , 

S F A IR 

FQU IVALENCF 

id 

30) , 

AR ATIO 

EQUIVAL ENCE 

id 

31 ) , 

VFUTK 

EQUIVALENCE 

( C( 

32 t • 

VOXTK 

equivalence 

1 C ( 

33) t 

SFUTK 

EQUIVALENCE 

( c< 

34 ) f 

SOXTK 

EQUIVAL ENCE 

(Cl 

3 S ) t 

EL GOD Y 

EQUIVALENCE 

( c.( 

36) , 

FIR AMP 

EQUI VALENCE 

(C< 

371 t 

A ICAPT 
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EQUIVALENCE ( C ( 38), ELNL p T I 

EQUIVALENCE ( C ( 39), C13 ) 

EQUIVALENCE (C( 40), FCTMOK ) 

EQUIVALENCE (C( 41), GEOPCT ) 

EQUIVALENCE (C( 4?), GS p 4N I 

EQUIVALENCE (C( 43), TYTAIL I 

EQUIVALENCE ( C I 44), STPS > 

EQUIVALENCE CC( 45), SB QO Y » 

EQUIVALENCE ( C( 46), WPAYLO ) 

EQUIVALENCE l C ( 471, HBOOY ) 

EQUIVALENCE (C( 48), T TDT » 

EQUIVALENCE (Cl 49), ENG INS ) 

EQUIVALENCE (C( 50), PT 2 ) 

EQUIVALENCE (C ( 51) , CMT » 

EQUIVALENCE (C( 52), CHT I 

EQUIVALENCE I C ( 55 ), I CRY ) 

EQUIVALENCE ICI 571, WLANDI ) 
COMMON / WTS/ W( 1 ) 

EQUIVALENCE (W( 1), WC R E W » 

EQUIVALENCE (W( 2), WA9ENG I 

EQUIVALENCE (W( 3), WGIMBL I 

EQUIVALENCE (W( 4), WOXCNT I 

EQUIVALENCE (W( 5), WINSFT ) 

EQUIVALENCE (W< 6), WINSOT * 

EQUIVALENCE <W( 7), WR ENGS > 

EQUIVALENCE IWI 81, W INLET ) 

EQUIVALENCE ( W( 9), WOXSYS ) 

EQUIVALENCE (W( 10), wthrst ) 

EQUIVALENCE (W( 11), WENGMT I 

EQUIVALENCE (W{ 12), WBPUMP ) 

EQUI VAL ENCE I W( 13 », WOiSTl ) 

EQUIVALENCE I W( 14), WSPIKE ) 
EQUIVALENCE (W( 15), WF'JELM ) 

EQUIVALENCE ( V{ 16), WOXIDM » 

EQUIVALENCE (Wl 17), WFRESV I 

EQUI VAL ENCE (W( 18), WOP.ESV ) 

EQUIVALENCE (W( 19), WPRESV ) 

EQUIVALENCE (W( 20), WFUEL ) 

EQUIVALENCE (W( 21 ), WQXIO ) 

EQUIVALENCE l W( 22), WE T RAP ) 

FOUIVALENCF ( W( 23), WOT RAP ) 

EQUIVALENCE (W( 24), WFUTOT ) 

EQUIVALENCE (Wl 25), WO X TO T ) 

EQUIVALENCE (W( 26), WP ) 

EQUIVALENCE ( W( 27), WRESin ) 

EQUIVALENCE II, ( 28), WACSFU ) 

EQUIVALENCE IWI 29), WACSOX ) 

EQUIVALENCE (U( 30), WACSP ) 

EQUIVALENCE (W< 31), WWING ) 

EQUIVALENCE (V ( 32), WV^RT ) 

FOUIVALENCF (W( 33), WHORZ ) 
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c 

c 

c 


EQUIVALENCE (W( 3*1, WF A 1 R ) 

EQUIVALENCE (WI 35), wriJNCT I 

EQUIVALENCE ( W( 36 1, W8ASIT. ) 

EQUIVALENCE (W< 37). WSFCST ) 

EQUIVALENCE «W( 3"), W8POY ) 

EQUIVALENCE (W< 39), WEUSYS ) 

FQlJI V AL FNf.E I W( 40), WS'JRF ) 

EQUIVALENCE (W( 41), WPRSYS ) 

EQUIVALENCE (WI 4?), WQIST2 ) 

FQ'J IV AL FMC.F (W( 43). WECONT ) 

FQUIVALENCF IW( 441, WR EE UL ) 

FQUtVALENCF (VJ( 45), w 0 ° A N 5 » 

FQUIVALFNCF < W( 46), WSFAL I 

EQUIVALENCE (W( 47), WINSUL I 

EQUIVALENCE (W( 43), WIQUCT ) 

EQUIVALENCE (WI 49), WVRAMP » 

EQUIVALENCE ( W( 50), WPROPU ) 

EQUIVALENCE tWC 51), WAERn ) 

FQUIVALFNCF ( W( 52), WORNT ) 

EQUIVALENCE (W( 53), W'.FP ) 

EQUIVALENCE (W( 54), WACS » 

EQUIVALENCE (Wl 551, WACSTK I 

EQUIVALENCE (HI 56), WFLFCT ) 

EQUIVALENCE (WI 57), WHYPNU ) 

EQUIVALENCE (W{ 58), WPWRSY ) 

EQUIVALENCE ( W( 59 1, WAVONC ) 

EQUIVALENCE (W( 60), WC.PROV ) 

EQUIVALENCE I W( 611, WDR Y I 

EQUIVALENCE (W( 62), WCONT 1 

EQUIVALENCE (HI 63), WEMPTY ) 

EQUIVALENCE (W< 64), WOPMTY ) 

ECU VALENCE (W( 651, WZROFU I 

EQUIVALENCE <W( 66), WLAND I 

EQUIVALENCE (W( 67), WCOVER ) 

EQUIVALENCE IW( 681, WTPS ) 

EQUIVALENCE I W< 69), WLANCH I 

EQUIVALENCE (WI 70), WL C. I 

EQUIVALENCE (W< 711, WGEAR I 

EQUIVALENCE (WI 72), WTO ) 

EQUIVALENCE ( W( 73), WACSRE I 

EQUIVALENCE (W( 74), WPLOSS ) 

EQUIVALENCE (W( 75), WENTRY ) 

EQUIVALENCE (WI 76), WINFUT » 

EQUIVALENCE I Wl 77), WlNQXT I 

COMMON/ AT MOLIT/TAL T.PALT ,OTDH, QO,G,RHO, THE TA ,RTHET A, OELT A 
l , RENO, AMU 

************* END COMMON ************************* «■******« 

WTO ■ WTO IN 
WLAND * WLANOl 
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WEN TR Y* WL AND 

lH = 1 FOR non-cryogenic, z for cryogenic 

I H - I C R Y 
l ■ 1 

TTOT = THRUST * FNGINS * AC TR 

ISHAPX = l SHAPE 

WCRFW = AC ( 72 ) *C RE W «• ACC73) 

W A3 ENG = 0. 

Wr.IMPL = 0 . 

WOXC.NT = 0. 

W1NSFT = 0. 

WINSOT = 0. 

WRFNGS s 0. 

W l NLE T= 0. 

WOXSYS = 0. 

WTHRST = AC ( 1 9 ) * TTOT AC ( 20 I 

WFNGM T = AC ( 1021 * T T DT «■ AC ( l 03 » 

GO TO ( 10,20, 30 I , I E NG 

ROCKET FNG1NF 

10 TOFl s 750. * l TTOT/ENGI NS/ PCHAM) ** 1. 25 
WGTMRL " AC ( 5 5 > * TOEL ** ACI110I ♦ AC(SA) 

GO TO <»0 


TURRORAMJFT ENGINE 

20 GO TO ( 22 ,2 8 • , L 

22 L = 2 

CM T = OM 

CHT = OH 

CALL ATMOS! 2 I 

X = 1. «■ . 2 *C M T* *2 

PTO x P AL T * X**3 * SORT! XI 

PR = 1. 

IF (CMT-l. >27,27,23 

23 IFICMT-5. )2A,2A,26 

2A PR = 1. - .075 * (CMT-l. I ** l. IS 
GO TO 27 

26 PR = aOO./(C.wT**A ♦ 935.) 

27 PT2 = PR * PTO 

26 W A = W A R F c * AC T R 

WARENG = ( A C ( 3 2 I * E XP( AC ( 33 ) *W4I * I ( P T 2- PH I GU » / ( PL OW-PH 1 G 

1 ♦ AC(OA) * C XP ( AC ( 35 )*HA > * ( ( P T2-PL0W> / ( PM I ',H- PLOW ) ) ! 

2 ‘PNG I NS *■ AC (9 1) * (NGINS t^NG^T 

GO TO 02 

AIRROFATHING FNG INF 

30 WARENG * AC(82) * TTOT ♦ AC(RR) * WENGM 

32 I F (I H.F0.2 I GO TO AO 


! 



n no 


SSSJ -■ IJSUVkJ? : «««• * 

?*«" : ^ * soRr<rTOT/EN ='«. 
WSPfKF = AC(109I * XINLFT 

i# 

£ CALCULATE PROPELLANT WFIGHTS 

WEUELM = WPMA lN/( l . *OF ) 

WOXIOM * WFUELM * OF 

WFRFSV = AC ( 84 ) *WF UEL M + AC(b5l 

WORESV = AC ( 86 > * WOXIDM «■ AC(87) 

WPRESV - WFRESV ♦ WORESV 

WFUEL = WFUELM «■ WFRESV 

WOXIO = WOXIDM *■ WORFSV 

WFTRAP = AC ( 9 2 ) * WFOEL * AC(93) 

u2,^or = AC<94 ' * WOXIO ♦ AC ( 95 1 

WFUTOT = WFUFL + WFTRAP 

WOXTOT = WOXIO «■ WOTRAP 
wp = WFUTOT + WOXTOT 

C WRFSIO = TOTAL WEIGHT OF RESIDUALS 

WRESIO = WFTRAP ♦ WOTRAP 
WRITE ( NW f tOOl ) 

1001 FORMAT (1H1, I4HMASS ITERATION / ) 

ITERATF ON TAKE-OFF WEIGHT 
50 CONTINUE 

WACSFU = AC ( 96 ) * WTO ♦ AC(97) 

1 + AC ( 1 . <♦ I * WFNTRY 

WACSOX = WACSFU * OFACS 
WACSP = WACSOX 4- WACSFU 
AC PS RESERVES 
WACSRE = AC ( 115) * WACSP 

I L I GH T S S c S 
WPLOSS “AC( 116) * WPMAIN 
GO TO I 160, HO, 100, U0>, ISHAPX 

i I ft i ng non y 

too WWING - 0. 

WVERT = 0. 

WH0R7 = 0. 

GO TO 160 


WINGED CRAFT 
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c 

m WWlNG = AC ( l ) * ( WT 0* XL F * STSPAN * SWING / TROQT )**AC(78)*1 

1 ♦ AC ( 2 ) * SWING *■ AC ( 3) 

2 + 4C( 1171 * ( WL ANO*XLF*STSPAN*SWING/TROOT*l .F-9»**AC( 118 * 

130 WVFRT AC(A)*( SVF R T ) * * AC ( 89 ) ♦ AC ( 5 I 

WHORZ = AC ( 6 ) * ( ( WT O/SW INC. ) 6 * S«T RZ ** l. 2*QMAX**.R I **AC ( 90) 

1 AC l 7) 

2 «■ ACI119) * ( < WL ANP/SWING) **0.6*SH0RZ**l ,2*9MAX**0. 81 **AC( 12 
160 WFAI« = AC ( 8 » * SFAIR AC(Q) 

c 

C WSURF = TOTAL WFIGHT OF AERODYNAMIC SURFACES 

C 

WSURF * WWING ♦ WVFRT *■ WHORZ *■ WFAIR 

C 

WRASIC = semi * SROPY ♦ ACI1S1 * ( ( ELBODY*XLF /HRODY ) **. 1 5 
1 *QMAX*< ! . 16*SB0PY**1 . 05 ) ** AC I 8 l) ♦ AC ( 1 6 » 

WSECST = AC ( 1 7 ) * SBODY ACI18I 
WINFUT = ACI130) * VFUTK «- AC t 131 » 

WINOXT = AC (1321 * VOX^K «- ACII331 

c 

c body 

c 

WBODY = WBASIC ♦ WSFCST ♦- WTHRST ♦ WINFUT ♦ WINOXT 

C 

WINSUL = ACI21) ♦ STBS *■ ACI761 
WCOVFR = ACI22I* STPS ♦ AC. ( 77) 

C 

c WTPS = TOTAL WFIGHT OF THERMAL PROTECTION SYSTEM 

C 



o o ono non o non 


AIRRREATH1N0 ENGINE 
250 GAL = 7.481 * V^UTK 

WFUNCT = AC (36) * ( GAL/TANKS )**. 6 * TANKS f AC(37» 

WOIST2 = ,255*GAL**.7 * TANKS**. 25 
Wf CON T = .169 * TANKS * SORT (GAL ) 

WREFUL = TANKS*! 3. ♦ .45 * GAL**C13) 

WDRANS = .159 * GAL**. 65 

WSFAL = .045 * TANKS * ( G AL / T A NKS )**■'. 75 

WFUSYS = WRPUMP F WOIST1 f WO l S T .? f WFCONT ♦ WREFUL * WORANS 
l WSEAL 

WTO = XINLET * S0RT( AlCAPT/XINLFT) 

WIDUCT = AC ( 53 ) * ( SQR T ( EL NL E T*X I NL ET ) * ( A IC APT / X I NL F T ) * *C 1 3 
l *PT2**C23*GEOFCT*FCTMOK)**AC(54) f AC(105) 

WVRAMP s AC ( 1 06 ) * (ELRAMP*W10*TMPFCT)**AC( 107) F AC(108» 

WfNLET = WIOUCT f WVRAMP * USPIKF 

300 CONTINUE 

WPROPU = TOTAL WEIGHT OF MAIN PROPULSION 

WPROPU = WRENGS * WABENG * WFUNCT f WOXCNT f W I N SF T 

1 WTNSOT f WFUSYS F WOXSYS * WPRSYS F WINLET 
400 W T OX = WTO 

WAFRO = AC ( 60 ) * (WTO**C23*( FLBOOY fGSP AN )**.25)**AC(llll * AC 
l ♦ AC ( 1 ? ? I * (WENTRY**C23*(FL 800 YfGSP AN )**0.25)**AC( 123) 

W SF P = AC 1 62 > * WTO f AC(63) 

WACS = AC (5 7) *WTO**AC. (58 ) f AC(59) 
l * AC( 1241 * WENTRY**AC( 125) 

WACSTK = AC (64) * WACSP * AC(65) 

WORNT = TOTAL WEIGHT OF ORIFNTATION CONTROL SYSTEM 

WORNT = WGIMBL * WACS f WAFRO * WSFP f WA.STK 

WFLECT = AC (66 1 * ( SQR T ( WTO ) * EL BODY** . 2 5 ) ** AC ( l 1 2 ) f AC ( 6 7 ) 

1 * AC( 126) * ( SORT I W ENTRY ) *ELROOY**G. 25) **AC ( 1? 7) 

WHY PNU= AC ( 68 ) * ( ( SW INGfSHORZfSVERT) *.00 10*QMAX ) ** . 3340 * 

1 (SORTIE LRODY * STSPAN) * T YT A I L ) **AC ( 1 1 3 ) f AC(69) 

2 * A C ( l 2 R ) * WTO f AC ( 1 29 > * W C NTR Y 

WPWRSY = TOTAL WEIGHT OF POWER SUPPLY 
WPWRSY = WELECT F WHYPNU 

W A VON C = AC ( 70 ) * WT0**AC(114) * AC ( 7 1 ) 

WCPROV = AC I 7 4 ) * WT 0 f AC(80) * CREW f ACI75) 

WORY = W SURF f WR30Y f WTPS f WGEAR f WPKOPU f WORNT f WPWRS 
1 f WAVONC F WCPROV 
WCONT = AC 198) * WORY f ACI99) 

WFMPTY = WORY F WCONT 

WOPMTY i WFMPTY F WRESID f WCREW f WACSP 
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WZROFU = WOPMTY WP AYL 0 

WLANO = WEMPTY «• WPAYLD «• WCREW «- WRESIO «• WACSRF 
WENTRY = WLAND *■ WACSP 

WTO = WENTRY ♦ WPMAIN ♦ WPRFSV ♦ WPLOSS 
WRITE (NW, 1 0051 WTO, WENTRY, WLAND, WORY 
1005 FORMAT I 10X , 7H WTO = FI0.2, 10H WENTRY = F10.2, 

1 9H WLAND = F10.2, 8H WORY = F10.2I 

I F ( AR S I I WTOX- WTO ) / WTO ) .LF. .001 > GO TO 915 
GO TO 50 
C 

915 CONTINUE 
C 

999 CONTINUE 
RETURN 
F NO 

SUBROUTINE NPUT 
C 

COMMON /ACOFF/ AC (150> 

ccmmon /comon/ cm 

EQUIVALENCE (C< II, NR I 

EQUIVALENCE ICI 2), THRUST I 

EQUIVALENCE (C( 3), ISHAPE I 

EQUIVALENCE (Cl 5), CREW I 
EQUIVALENCE ICI 5), MW I 

EQUIVALENCE (C< 6), AC T R I 

equivalence ici n, ieng i 

EQUIVALENCE ICI B), PCHAM » 

EQUIVALENCE ICI 91, DM » 

EQUIVALENCE (Cl 101, OH I 

EQUIVALENCE (C ( 11), WAREF I 

EQUIVALENCE ICI 15), PHIGH l 
EQUIVALENCE (C< 151, PLOW ) 

EQUIVALENCE (C( 16), TANKS ) 

EQUIVALENCE l.I 17), XINLFT ) 

EQUIVALENCE <C( 18), WPMAIN ) 

EQUIVALENCE (Cl 19), OF ) 

EQUIVALENCE (C( 201, WTO IN ) 

EQUIVALENCE (C( 21), OFACS ) 

EQUIVALENCE ( C t 22), XLF ) 

EQUIVALENCE (C( 231, STSPAN I 

FQUIVALFNCE ( C ( 25), SWING ) 

EQUIVALENCE (C( 25), TROQT ) 

EQUIVALENCE (C< 26), SVERT I 

EQUIVALENCE (C( 27), SHORZ I 

EQUIVALENCE f C ( 28) , Q*AX ) 

EQUIVALENCE IC( 29), SFAl« ) 

EQUIVALENCE I C ( 30), APATIO ) 

EQUIVALENCE I C ( 31), VFUTK ) 

EQUIVALENCE ICI 32), VOXTk. ) 

EQUIVALENCE ICI 33), S F U TK ) 

EQUIVALENCE (C( 35). SOXTK ) 
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EQUIVALENCE (C( 35), ELRODY I 

EQUIVALENCE (Cl 36), ELRAMP ) 

EQUIVALENCE (Cl 37), MCAPT ) 

EQUIVALENCE (C( 381, ELNLET ) 

EQUIVALENCE (C( *0), FCTMOK I 

EQUIVALENCE (C( 41), GEOFCT I 

EQUIVALENCE (C( 42), G SPA N ) 

EQUIVALENCE (C( 43), TYTAIL I 

EQUIVALENCE (Cl 44), STPS I 

EQUIVALENCE (Cl 45), SWODY ) 

EQUIVALENCE (Cl 46 1, WPAYLD ) 

EQUIVALENCE (C< 47), HRODY ) 

EQUIVALENCE (C( 49), ENGINS ) 

EQUIVALENCE (C( 53), GO ) 

EQUIVALENCE (Cl 54), RE ) 

EQUIVALENCE (C( 55), ICRY ) 

EQUIVALENCE (C( 57), WL AND I ) 

C 


N AM EL I S T 

/ INWAP/ 

thrust. 

l SHAPF 


CREW , 

ACTR 


If NG , 

PC H/ 

i 

OM f 

OH , 

WAREF 


PHIGH , 

PLOW 


TANKS , 

XINI 


WPMAIN, 

OF , 

WTO IN 


OFACS , 

XLF 


STSPAN , 

swir 


TROOT , 

SVERT , 

SHORZ 


QM AX ,. 

SFAIR 


ARATIO , 

VFU' 


VOXTK , 

SFUTK , 

SOXTK 


FL BODY , 

ELRAMP 


A ICAPT, 

ELNl 

t 

FCTMOK , 

GEOFCT , 

GSPAN 


TYTAIL, 

STPS 


S BODY , 

WP A ' 

t 

HRODY , 

ENGINS , 

GO 


RE » 

ICRY 


WL ANOI , 

AC 


RE AO (NR, INWAP I 
WRITE ( NW, INWAP) 

WRITE (NW, 1000) 

1000 FORMAT ( l HI , 5X, 30H NON-ZERO WEIGHT COEFFICIENTS //) 

00 100 l = l, 150 

I( ( AC ( I > . EO . 0. I GO TO 100 
WRITE (NW, 1001) I, ACID 

1001 FORMAT { 1H , 10X, 3HACI 13, 4H) = G15.8) 

100 CONTINUE 

PR INT DESIGN DATA 
WRITE (NW.1360) 

1360 FORMAT < 1 HI , 5X, 23H DFSIGN DAT A ft 1 3H WETTED ARE 

WRITE ( NW , l 36 5 » SRODY 
WRITE ( N W, 1 37 0 ) SFUTK 
WRITE ( NW ,1375) SDXTK 
WRITE (NW, 13801 
WRITE ( NW , 1385) SWING 
WRITE l N W , 14 00) SVERT 
WRITE ( NW , l 405 ) SHDRZ 
WRITE ( NW , 1 41 0 ) SFAIR 
WRITE ( NW, 1 460 ) STPS 
WRITE ( NW , 1455) 

1455 FORMAT ( 1 7H00 I MFN S I ON Al DATA ) 
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n o n r> 


WRITE 
WRI TE 
WRITE 
WR [TP 
WRITE 
WRI TF 
WR ITE 


(NW, 14501 
(NW, 14901 
I NW, I 500) 
( NW, 15 85) 
( NW , 1 590 ) 
(NW, 1475) 
( NW, 1480) 


GSPAN 

STSPAN 

TROOT 

A I C APT 

ELNLET 

ELROOY 

HRODY 


FORMAT ( 5X , 10 HGR OS S BODY, 2 7X, F9.2 ) 

FORMAT ( 5X, 10HFUFL T ANKS , 2 7X , F9. 2 » 

FORMAT (5X, 14H0XI 01 7ER TANKS , 23X , F9 . 2 I 
FORMAT ( 1 l HOP LAN AREAS) 

FORMAT (5X» 4HWI NG, 33X, F9.2 ) 

FORMAT! 5X,l 7MVERTI CAL SUR FACFS , 2 0 X, F9. 2 » 

FORMAT ( 5X, 19HH0R IZONTAL SURF AC ES , 1 8X , F 9 . 2 ) 

FORMAT ( 5X , l 7HFA IR ING OR ELE VON ,20X ,F9. 2) 

FORMAT ( 5X » 16HT PS SURFACE ARE A , 2 l X , F 9 . 2 ) 

FORMAT ( 5 X, l 9HW l NG GEOMETRIC SP AN , l RX , F9. 2 ) 

FORMAT (5X.20HWING STRUCTURAL SP AN , l 7X , F9. 2 » 

FORMAT ( 5 X , 34 HW ING THICKNFSS AT THEORETICAL ROOT , 3X , F 9, 2 ) 
FORMAT (5X.24HT0TAL INLET CAPTURE A RE A, l 3 X » F 9 . 2) 

FORMAT ( 5X, 18HTOTAL INLFT LENGTH, L9X,F9.2 • 

FORMAT ( 5X , l l HPOOY LENGTH,26X,F9. 2) 

FORMAT (5X,11HB3DY HFIGHT ,26X,F9.2) 

RET 'JR N 
END 

SUBROUTINE PRINT A 

AIRCRAFT WFIGHTS ANO VOL'JMF PRINT ROUTINF 
***** t******** START CO M MON * <i««< ** ** ,,,, ** ****** * v >, 


COMMON /CCMON/ C ( l ) 
EQUIVALENCE (Cl 51 
EQUIVALENCE (C( 18) 

EQUIVALENCE (C( 46) 
EQU I VAL c NCF (Cl 56 1 
COMMON / W T S / W( 1 ) 
FQUI V AL FNCF ( W( l ) 
EQUIVALENCE (W( 2) 

EQUIVALENCE (W( 31 

EQUIVALENCE (W( 4) 

EQUIVALENCE (W( 5) 

EQUIVALENCE ( Wl 6 1 
E QUI V AL ENC C ( W( 7) 
EQUIVALENCE (W( 8) 

EQUIVALENCE ( W( 91 
EQUIVALENC C (Wl 10) 
E QUI VAL ENCF ( Wl 111 
EQUIVALFNCF ( W( 12) 
EQUIVALENCE (W( 13) 


id 

5 ) 


NW ) 

( C( 

18) 


WPMMM 1 

(C ( 

46 ) 


WPAYl n > 

( C( 

56 1 


NO 0 1 N ) 

W< 1 ) 



( W( 

l ) 


WC9FW ) 

( w ( 

? ) 


WARENG ) 

<W{ 

3 ) 


WGIMRL 1 

( W( 

4) 


WOXCNT ) 

( W( 

5 > 


W I N S r T ) 

< w ( 

6 1 


WIN SOT ) 

( W( 

7 ) 


W 0 F N G S ) 

( W( 

8) 


W INI F r ) 

{ W( 

9 ) 


WO X S Y S ) 

( W ( 

l 0 > 


WTHRST ) 

{ W< 

l 1 1 


W* NG mt ) 

( w< 



W801IMP t 

( w ( 

1 3 1 


wm s t i ) 







EQUIVALENCE 

C wc 

u». 

WSPIKF 


EQUI VAL ENCE 

( w< 

15 >, 

WFUELM 


E QUIV ALENCE 

( W( 

16 > , 

WOX IDM 


EQUIVALENCE 

( w< 

17) , 

WFRESV 


EQUIVALENCE 

( w< 

IB), 

WORE S V 


EQUI VAL ENCE 

{ w< 

19 1, 

WPRFSV 


EQUIVALENCE 

( W ( 

20) , 

WFUEL 


equivalence 

( W( 

21 ) , 

WOX 10 


EQUIVALENCE 

( W( 

22 ) , 

WF r RAP 


EQUI VAL ENCE 

( W( 

23) , 

WOTRA P 


EQUIVALENCE 

( w C 

24! , 

WFUTCT 


equivalence 

( W( 

25 ) , 

WO X TOT 


EQUI VAL ENCE 

< W< 

26), 

Wt> 


EQUIVALENCE 

C W( 

27) , 

WRES 10 


EQU IV ALENCE 

( W( 

28 ) , 

WACSFU 


EQUI VAL ENCE 

( wc 

29), 

WAC SOX 


EQUIVALENCE 

( W( 

30) , 

WAC SP 


equivalence 

(W( 

31) , 

WW IN G 


EQU I VALENCE 

< W< 

32), 

WVFRT 


EQUIVALENCE 

( W( 

33 ), 

WHORZ 


EQUIVALENCE 

( W ( 

34 ) , 

WF A IR 


EQUIVALENCE 

CW t 

35) , 

WFUNCT 


EQU IVALENCE 

( w ( 

36 ) , 

WBASI C 


EQUI VAL ENCE 

( W( 

37), 

WSFCST 


EQU I VAL ENCE 

( w< 

38 ) , 

WBODY 


EQU IVALENCE 

(W ( 

39) , 

WFUSYS 


EQUIVALENCE 

( W( 

401, 

W SURF 


EQUI VALENCE 

t wc 

41) , 

WPRSYS 


EQUIVALENCE 

( wc 

42) , 

W0CST2 


EQU IVALENCE 

CW ( 

43 » , 

WFCONT 


EQUI VALENCE 

( wc 

44 1 , 

WRFFUL 


E QUf VALFNCE 

C w( 

45) , 

WDkANS 


EQUIVALENCE 

( W( 

46 ) , 

WSFAL 


EQU IVALENCE 

C wc 

47 1, 

wr NSUL 


EQUI VAL ENCE 

( w . 

48 ), 

W 1 D uc T 


E OUl VALENCE 

( w c 

49 > , 

W V RAMP 


EQUIVALENCE 

( w( 

50) , 

WRROPU 


EQU IV AL ENCE 

c wc 

51 1 , 

WAFRO 


EQUI VAL ENCE 

( wc 

62 >, 

WORNT 


equivalence 

(WC 

53) , 

WSFP 


equivalence 

( W( 

541 , 

WACS 


equivalence 

( wc 

55 ), 

WAC STK 


E QUt VAL ENCE 

( w( 

56 1 , 

WE LEG T 


F QU I V AL FNCF 

( W{ 

57) , 

WHYPNU 


equivalence 

twc 

58 ) , 

WRSY 


EQU IV AL ENCE 

( w i 

59) , 

W AVONC 


F QUI VAl ENCE 

C w i 

60 ) , 

WC PROV 


E QUI V ALENCE 

( w{ 

61 i , 

W OR v 


EQU IV U P NC.E 

( w 

62 ) , 

WCONT 


EQU IV AL FNC c 

( w 

63 I , 

WEMP ty 


EQUI VAL ENCE 

( W ; 

'->4 1, 

WOPMT Y 





EQUIVALENCE ( W( o r > ) , WZRQFU I 

EQUIVALENCE ( W ( 661, WL AND ) 

EQUIVALENCE (W( 67), WCOVER ) 

EQUIVALENCE (W( 68), WTPS ) 

EQUIVALENCE <W( 69), WLANCh ) 

EQUIVALENCE (w( 70), WLG I 

EQUIVALENCE ( W ( 71), WGFAR J 

EQUIVALENCE ( W( 72), WTO ) 

EQUIVALENCE ( W( 73), WACSRE ) 

EQUIVALENCE (w( 74), WPLOSS ) 

EQUIVALENCE I W ( 75), WENTRY ) 

EQUIVALENCE lW( 76), WINEUT ) 
EQUIVALENCE I W ( 77), WINOXT ) 

c 

C 


c ************* e no COMMON *********•*********«>**************, 

NAMELIST /VSACPA/ WSURE , WWING, WVERT, WHORZ, WEAR, WBODY, Wl 

* ,WSECST, WTHRST, WTPS, WINSUL, WCOVER, WGEAR, WLANCH, WLG, Wl 

* *WRENGS , WABENG, WFUNCT, WOXCNT, WINSFT, WINSOT, WFUSYS, WOX 

* »WPR SYS, WINLET, WORNT , WGIMBL,WACS, WAERO, WSFP, WACSTK, WPl 

* ,WELECT, WHYPNU , WAVONC, WCP»OV, WDRY , WCONT , WCRFW, WPAYLO 

* , WRE SI D , WF TRAP, WOTRAP, WACSP, WACSFU, WACSOX, WZRFU, WPRFS' 

* , WFRES V, WORESV, WPMAIN, W C UELM, WOX I DM, WTO , W I NFU T , WIN( 

* , WENGMT , WBPUMP, WDIST1, WSPIKE, WFUEL , WOXID , WFUTOT, WOX' 

* .WP , W0IST2, WFC.ONT, WRFFUL , WDRANS, WACSRE, WPLOSS, WEN' 

* ,WSEAL , WIDUCT, WVRAMP, WE M PTY, WOPmty, WLAND 

C 00 1 N OATA BASE OUTPUT 

WRITE (NODIN, VSACPA I 
C 

C PRINT WEIGHTS 

C 

WRITE I N W , 1 00 0 ) 

1000 FORMAT (1H1, 5X , 35H WEIGHT STATEMENT , 35X, 

I 22H ODIN NAME AND FORMULA /// ) 

C 


WRITE I N W » 100 5 I WSURE, WWING, WVFRT, WHOPZ, WFAIR 
1005 FORMAT I21H AERODYNAMIC SURFACES, -ilX, F9.0, 5X, 

1 40H WSURF = WWING «■ WVERT t WHORZ WFAIR ft 

2 5X, 4HWING, 44X, F9.0, 14X, 

3 53H WWING = AC I l I * ( WT O* XL F * ST S P AN * S W I N G/ TR 0 0 T l**AC( 78 1 

* 02 X t 32H * 1 , E 6 ♦ AC ( ? ) * SWING ♦ AC ( 3 ) / 

* 82X, 43H *■ AC I 1 l 7 ) * ( WL AN D* XL F*ST SP AN* SW I NG / TROOT / 

* 8 2 X , I8H * l .E-9) **AC ( 1 18) // 

5 5X , 17HVERT ICAL SURFACES, 31X,F9.0, 14X, 

6 40H WVERT = ACI4) * I SVFRT ) **AC I 891 «■ AC15) // 

7 5X, 1 9HH0RI ZONT AL SURFACES, 29X,F9.0, [U, 

8 47H WHORZ = AC ( 6 ) * ( ( W TO / S Wl N G) **0 .6 * SHORZ**!.? / 

9 82 X ,. 2 9H * QMAX**0 . 8 ) **AC ( 90 » ♦- AC I 7 ) / 

* 82X, 42H A C ( l 19 I * ( < WLA NO /SW I NG > **. 6* SHUR Z ** l . 2 t 

* 32 X , 2 1H * QMAX** . 8 )** AC I 1 20 ) ff 
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* 5 X i 8HFAJRINGS, AOX, F9.0, IAX, 

1 3 OH WFAIR ~ AC ( 3 1 * SFAIR AC(9t //} 

' VRITE <NW, 10301 WBOOY, WF.ASIC, WSFCST, WTHRST, WINFUT, WINOXT 

1030 format U5h body structurf, a7x, f-r.o, 5x, 

1 ?1H WBODY = WBASIC .• WSFCST WTHRST *■ WINFIJT ♦ WINOXT 

2 5 X, 20H3ASIC BODY STRUCTURF, 28X, F9.0, IAX, 

3 29H W8ASIC = AC ( 1 A I *S80DY«- AC ( 16 1 / 

9 82X, A3H AC ( l 5 I *( ( FL300 Y^XL F/mrooy** . l 5*'}MAX**. 16 / 

5 82 X t 23H * S BnpY* * l . 08 l ** AC ( 8 1 l // 

6 5X, 1 9HSEC0N9 ARY STRUCTURE* 29X, F9.0» IAX, 

7 31H WSECST = AC ( 1 7 1 *SRnr,r «• AC(18I // 

8 5X, 16HTMBIJST STRUCTURF, 32X, F9.0, 1 AX , 

9 3 OH WTHRST = AC ( 1 9 I * T T OT ♦ AC(20) // 

* 5X, l 9H I NTEC° AL FUEL TANKS, 29X, F9.0, IAX, 

1 33H W INPUT = AC ( 1301 OVFUTK ACC 1 3 1 » H 

2 5X, 23HINTEGRAL 0 XYO 1 Z F R TANKS, 25X, F9.0, IAX. 

3 33H WINC1XT = AC ( 1 32 i*VOXTK «• ACI1331 //) 

WRITE (NW, 10601 WT PS 
WRITE (NW, 10651 WINSUL 
WRITE (NW, 10701 WCOVER 
WRITE (NW, 10 751 WGFAR 
WRITE ( NW , 1080 1 WlANCH 
WRITE ( NW , l 085 * WL G 
WRITE (NW, 10901 WPROPU 
WRITE (NW, 10951 WPENGS 
WRITE (.NW, 11001 WABENG 
WRITE (NW.lllOl WFUNCT 
WRITE (NW, 11151 WOXCNT 
WRITE (NW, 11201 WINSPT 
WRITE (NW, 11251 WINSOT 
WRITE (NW, 11301 WFUSYS 
WRITE (NW, 11351 WOXSYS 
WRITE ( NW, l 1 AO 1 WPRSYS 
WRITE (NW,llA5> WINI ^ 

WRiTE (NW, U501 WORN. 

WRITE (NW, 11551 WGIMBL 
WRITF (NW, 11601 WACS 
WRITE (NW, 11651 WAERO 
WRITE (NW, 11701 WSFP 
WRITF (NW, 11751 WACSTK 
WRITF (NW, 11851 WPWRSY 
WRITE (NW, 11901 WFLECT 
WRITE ( NW, 11951 WHYPNU 
WRITE ( NW , i 200 1 WAV ONC 
WRITF (NW, 12051 WCPROV 

WRITE ( NW » 1 2 l 0 1 WDRY 

1210 FORMAT ( 19H VEHICLF DRY WEIGHT, A3X, F9.0, 5X , 

1 53H WDRY = WSURF ♦ WBODY WTPS «- WGFAR *■ WPROPU WORN 
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^ 2 82 X, 2 7H «• W® WR SY «■ WAVONC ♦ WC PROV ft ) 

WRITE ( NW r 1215) WCONT 

1215 FORMAT (29H0DESIGN RESERVE ( CONT 1 NGENC Y \ , 33 X , F9 . 0 ) 

WRITE (NW.1320) WEMPTY 

1320 FORMAT (13H EMPTY WEIGHT, 49X, F9.0, 5X, 

1 22H WEMPTY = WDR Y *■ WCONT ft) 

C 

WRITE (NW,1225> WPAYLO 
WRITE I NW, l 220 ) WCREW 
WRITE ( NW ,1230) WRESID 
WRITE (NW, 12351 WFTRAP 
WRITE (NW,1240J WOTRAP 
C 

WRITE C NW ,1300) WLAND 

1300 FORMAT ( L5H LANDING WEIGHT, A7X, F9.0, 5X , 

1 5 OH WLAND ' WFWPTY ♦ WPAYLO ♦ WCREW WRESIO ♦ WACSRE 

WRITE (NW.1575) WACSP 
WRITE (NW,1285> WACSFU 
WRITE ( NW , 1290) WACSOX 
1575 FORMAT (15H0ACS PROPELL AN T ,4 7X , F9.0 » 

1285 FORMAT ( 5X , 4HF JEL , 44 X, F9. 0 » 

1290 FORMAT ( 5X , 8H0X ID IZER,40X,F9.0) 

C 

WRITE (NW, 13101 WENTRY 

1310 FORMAT Il?H ENTRY WEIGHT, 49X , F9.0, 5X , 

1 24H WENTRY * WLAND ♦ WACSP //» 

C 

WRITF ( NW , 1 2 80 ) WPMAIN 
WRITE ( NW , l 28 5 ) WFUEIM 
WRITE (NW, 12901 WOXIDM 
C 

WRITE ( NW , 1 5 8 0 ) WPRESV 
WRITE ( NW , 1285) WFRESV 
WRITE ( NW , 1290) WORESV 

1580 FORMAT (19H0RESERVE P R0P ELI A NT , 43X , F<?. 0 ) 


WRITE ( NW, 1330) WPLOSS 

1330 FORMAT (1RH INFLIGHT LOSSES , 44X, F9.0, 5X, 
l 27H WPLOSS a AC ( l 1 6 ) * WPMAIN // I 

C 


WRITF (NW,1295> WTO 

1295 FORMAT ll?H GROSS WFIGHT, 49 X , F9.0, 5X, 

l 40H WTO a WENTRY *■ W 0 M A I N WPRESV ♦- WPLOSS ft ) 


1060 FORMAT 
1065 FORMAT 
l 0 AO FORMAT 
1075 FORMAT 


(33H0INDUCEO ENVIRONMENTAL PROTECTION, 29X ,P9.0) 
I 5X, 18HVEHI CL E I N SUL AT ION , 1QX , F 9 . 0 1 
( 5X , t 2*- | C OVE R PANFL S, 36X , E9 .0 ) 

I 20HQL AUNCH AND RECOVERY, A2X,P9.0) 
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1080 FORMAT ( 5X, l 1HL AUNCH GEAR , 37X f F9.0 » 

1085 FORMAT < 5X, 12HLANOING GF AR»' , 6X , F9 . 0 ) 

1090 FORMAT t 1 IHOPROPULS I ON, 5 t X, F 9 . 0 I 
1095 FORMAT (5X , 15HR3CKET ENG INE S, 35X, Fo.o) 

1100 FORMAT ( 5X.20HAI RBR EATHI NG F NG I NE S , 2 8X , F 9 . 0 I 

1110 FORMAT I 5 X, 29MN0N- STRUC TURAL FUEL CONT A INF R, 1 9X , F 9. 0 ) 

1115 FORMAT ( 5X, 33HNON-STRUC TURAL OXIDIZER CONT A I NE R , l 5 X , F 9. 01 
1120 FORMAT (5X.20HFUEL TANK I N SUL A T I ON, 2 8X ,F 9 . 0 I 
1125 FORMAT ( 5X, 25H0XI DT ZER TANK I NSUL AT ION , 25 X, F 9 . 0 » 

1130 FORMAT ( 5 X , 1 1 HFUE L SY STF M ,3 7X ,F 9. 0 > 

1135 FORMAT (5X f 15H0XI01ZER S Y S TE M , 3 3X ,F 9 . 0 I 
1150 FORMAT (5X, 21HPRESSUR IZ AT ION S Y STE M, 2 TX ,F 9 . 0 I 
1155 FORMAT (5X, 6Hl Nl E TS, 52X , F9 .01 

1150 FORM AT ( 27HOOR I FNTAT I ON CONTROL SY ST EM , 3 5X , F 9. 0 > 

1155 FORMAT ( 5X ,20HENGINE GIMRAL S YS TE M, 28 X , F9 . 0 ) 

1160 FORMAT < 5 X, 2 3 H A T T l T UO E CONTROL S Y S T F M , 2 5 X, F 9. 0 > 

1165 FORMAT ( 5X, 20UAF RODYNAM I C CONTROL S , ?8X , F9 . 0 I 
1170 FORMAT (5X, 17HSFPARAT ION S Y S TF m , 3 l X . F9 . 0 ) 

1175 FORMAT (5X .31HATTI TUDE CONTROL SYSTEM T ANK AGE , 1 7X , F9 .0 » 

1185 FORMAT (13H0POWER SU p PLY ,59X ,F9 .0 J 

1190 FORMAT ( 5X, 1 7HFLFC TRI CAL SY S T EM , 3 IX , F9 . 0 I 

1195 FORMAT ( 5X , 26HHY0RAUL IC /PNEUM ATI C S YS T EM , 2 2X , f 9 . 0 ) 

1200 FORMAT ( 16H0 AVI INI CS SYST EM, 56X, F 9. 0) 

1205 FORMAT (16M0C.REW PR'JVl S! ONS , 56X , F9. 0 ) 

1220 FORMAT I 5H0CRE-»,57X,F9.0> 

1225 FOR M AT ( 8H0° AYLOAD, 55X, F9.0I 

1230 FORMAT (2 0H0RESI DUAL PROP E LL A NT , 5 2 X , F 9. 0 I 

1235 FORMAT ( 5X, 12HTRAPPF0 FUEL, 36X, F9.0> 

1250 FORMAT ( 5X, 16HT RAPPED OX I n I ZE a , 3 2 >. , F9 . 0 ) 

1280 FORMAT ( 1 7 H 0 M A I N PR OPE L L AN T S, 55 X , F9 . 0 I 
C 

900 RETURN 
END 






